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1.0 INTRODUCTION 

Midway Landfill was created in January 1966 by the City of Seattle, Washing
ton, to receive nonputrescible waste. In solid waste operations terminology, 
"nonputrescible" waste is differentiated from "putrescible" waste mainly by 
its rate of decomposition. The category of putrescible waste includes 
rapidly decomposing food scraps such as household and restaurant garbage. 
The category of nonputrescible wastes includes organic material that decom
poses slowly, such as the demolition debris and wood wastes that were 
deposited in the Midway Landfill. The landfill received demolition debris 
from commercial haulers and wood wastes and yard trimmings from the City's 
transfer stations. Records indicate that beginning in 1978 limited amounts 
of industrial wastes also were deposited at Midway Landfill with the approval 
of the Seattle-King County Health Department. Information in the EPA's 
Emergency emd Remedial Response Information System (ERRIS) files suggests 
that the landfill may have received industrial liquid and sludge wastes prior 
to 1980. Much of this information is drawn from local newspaper articles and 
is otherwise unsubstantiated. The landfill was closed in October 1983. 
Clean soil materials from excavation projects are still accepted at the site 
to assist in final grading and cover. 

Because of its proximity to their properties, local residents perceived the 
landfill as potentially damaging to their environment. In its later years of 
operation, the City of Seattle received numerous complaints regarding odor, 
surface water runoff, traffic, possible health effects, and the risk of fire 
or explosion. In response to these indications of possible environmental 
problems related to the operation of the landfill, the City of Seattle 
instituted a program to determine the area and extent of einy problems, 
control gas migration, eliminate gas from offsite areas, and control air 
emissions on the site. Both investigative and remedial action was initiated; 
as more data became available, additional remedial measures were undertaken. 

The City closed the landfill in the fall of 1983 and began extensive testing 
of gas and water in the landfill and its vicinity. A series of gas probes 
was installed around the perimeter of the site to monitor gas concentrations 
in the landfill. Samples of leachate and groundwater from monitoring wells 
in and around the landfill and gas samples from the gas probes indicated that 
the landfill contained high levels of organic and inorganic contaminants with 
a high potential for offsite migration. Additional tests for gas were 
conducted in the landfill soil and in utility corridors beyond the perimeter 
probes. At the same time, the Washington State Department of Ecology also 
began installing numerous shallow probes offsite. The City also established 
a program to monitor homes for gas. 

Gas was detected both in the utility corridors and in nearby residential 
structures. Because methane, carbon dioxide, and small amounts of hydrogen 
sulfide are normally generated by the decomposition of landfill waste 
materials, Midway Landfill was suspected as the source of gases detected on 
the adjacent properties. Measures were taken by City crews to seal cracks in 
building foundations to prevent gas from seeping into the buildings. Data 
from offsite probes and the monitoring program indicated that gas had 
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migrated up to 2600 feet from the landfill and was seeping into homes located 
at that distance from the site. Additional probes were installed by the City 
further from the site, and it expanded its sealing programs within homes and 
businesses. Some families were evacuated. 

In September 1985, and again in September 1986, the City of Seattle installed 
a series of gas migration control wells around the perimeter of the site on 
an emergency basis as part of the final landfill closure process. The wells 
were connected by manifold piping to temporary motor blowers and flares. 

Evaluation of the environmental effects of the landfill by the Department of 
Ecology and the EPA led to placing the site on the National Priority List for 
site cleanup. In August 1986, a remedial investigation (RI/FS) was in
itiated. 

This report describes investigations and remedial actions taken as part of 
the RI contracted between the City of Seattle and Ecology. Before the RI 
began, the migration of gas from the landfill appeared to be controlled by 
the installation and operation of the migration control wells, manifold, 
blowers, and flares. However, some areas of concern still existed. Most of 
the combustible gases detected offsite were removed by the 17 offsite control 
wells. Under Superfund regulations, further data and control measures are 
necessary for complete cleanup of the offsite reservoirs of landfill gas that 
has accumulated. 

• l 
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2.0 EXISTING CONDITIONS 

Midway Landfill is located in Kent, Washington, approximately 15 miles south 
of Seattle. It occupies 60 acres located north of 252nd Street between 
Interstate 5 and Highway 99. The landfill is surrounded mainly by residen
tial neighborhoods; some homes lie within 120 feet of the southern boundary. 

In 1986 when the Remedial Investigation began, the City's active gas migra
tion control system was in operation; portions of this system will be 
replaced by permanent facilities as part of final landfill closure construc
tion. 

The following sections describe the possible sources of the combustible gas 
found offsite, the investigations conducted to determine its sources, and the 
actions taken to stop migration of gas offsite and remove the residual 
offsite gas. 

2.1 Possible Sources of Gas Affecting Offsite Receptors 

2.1.1 Midway Landfill 

The landfill material consists primarily of demolition debris from commercial 
haulers and wood wastes and yard trimmings (but not household wastes) from 
the City's transfer stations. The landfill may have also received industrial 
liquid and sludge wastes prior to 1980. In climates such as the Puget Sound 
area, anaerobic decomposition and methane generation start about a year after 
burial of wet or damp solid waste. Anaerobic bacteria produce methane as a 
by-product of digestion of waste. The gas is expelled from the bacteria 
under a slight positive pressure. Although an individual bacterium produces 
a small amount of gas, many millions of bacteria over a period of time can 
create significant volumes and pressures sufficient to cause the gas to move 
away from the area where it is generated. 

Geological Information about the soils underlying the landfill was not 
available prior to the remedial investigation. However, it is known that 
soil conditions facilitate or retard landfill gas migration. Sandy-gravel 
soils, where present, act as a low-resistance pathway for gas migration. 
Fluctuations in atmospheric pressure expand and contract the gas reservoir, 
increasing its tendency to migrate. Annual changes in the groundwater table 
also help extend the migration by compressing the reservoir from beneath, en
couraging lateral expansion. 

2.1.2 Wetlands or Peat Deposits 

Several peat deposits exist in the area around the Midway Landfill. Peat can 
decompose anaerobically, if air is kept out by water, earth cover, or 
overlying layers of peat. Anaerobic decomposition of the organic matter in 
peat produces methane gas just as in solid waste. To the west of the 
landfill is a large swamp containing approximately 90,000 cubic yards of 
peat, to the southeast one of about 60,000 cubic yards. A smaller deposit 
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north of the landfill around probe 2 is reported to have existed at one time, 
but it has apparently been covered. Investigations to confirm this are 
continuing. In 1981 a smaller peat bog southwest of the landfill near probe 
AC was observed by a geologist with Terra and Associates (D. Wlntermute, 
personal communication, 1988). 

2.1.3 Other Landfills 

The Kent Highlands Landfill, located approximately 1 mile northeast of the 
Midway Landfill, was in operation between 1968 and 1986. The landfilling 
operations at the site included disposal of both putrescible and nonputres
cible wastes (90X residential, 10% commercial) from the City of Seattle's 
transfer stations and contract haulers, and from the City of Kent. It is 
estimated that the entire landfill volume exceeds 5 million cubic yards. As 
with the solid waste deposited at the Midway Landfill, the waste deposited at 
the Kent Highlands Landfill is currently undergoing anaerobic decomposition. 

Reports have been received that small, unauthorized dumping operations have 
taken place in other areas around the Midway site In the past. These 
locations have since been covered as the areas were developed. This action 
allows the deposited solid waste to undergo anaerobic decomposition. These 
reports are being investigated. 

2.1.4 Organic Material in Soils 

In general, soils surrounding the site are of glacial origin. The mixing 
action of the glacial advances and retreats left organic material burled deep 
below the present ground surface. For example, during the Installation of an 
offsite probe a tree trunk was drilled through at a depth of 350 feet below 
ground surface. As such organic material decomposes anaerobically, small 
amounts of methcine are produced. Typically, drillers will encounter methane 
as they drill boreholes in the Puget Sound lowland area even where there are 
no known sources of methane such as landfills, coal seams, or natural gas 
pipelines. For example, Georgia Ramlo, operator of Ramlo Well Drilling and 
manager of drilling for Tacoma Pump, reports that while drilling in Firgrove, 
Washington, near Thun Field, she encountered methane that she was unable to 
attribute to any known source. She also encountered large amounts of methane 
of unknown origin while drilling near Yelm (G. Ramlo, personal communication, 
1988). 

Drilling records in western Washington from 1900 to 1982 examined by C. R. 
McFarland and reported in Department of Natural Resources Information 
Circular 75 (1983) yield many examples of high gas readings during drilling, 
sometimes combined with very high pressure. In these records there are 34 
Instances of gas at approximately 450 feet or less and 28 instances at 200 
feet or less. 

2.1.5 Natural Gas Pipelines 

Leaking natural gas pipelines have been discovered during this and other 
studies of the site near Ecology probe 45 and City control well C-6 (see map. 
Appendix A). Generally, pipeline-quality natural gas is distinguishable from 
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landfill gas because the ratio of pentane and ethane to methane In natural 
gas is higher than that of landfill gas. Also, natural gas from pipelines 
contains an odorant added for identification. 

2.1.6 Gases in Offsite Groundvater 

Groundwater may contain variable quantities of gases because of the natural 
tendency for gases to be absorbed by liquids when the two are in contact, 
particularly when they are under pressure, as may occur underground. 

2.1.6.1 Naturally Occurring Gases 

Methane occasionally is found in groundwater. In the Pacific Northwest, 
drillers installing water wells sometimes observe a "milky" artesian flow of 
water from boreholes. Some of the gas creating this milky effect is methane. 
In one instance, the methane concentration was great enough to blow off the 
top of a water tower when the gas was ignited accidentally by a fan motor. 

2.1.6.2 Gases Absorbed Onsite and Released Offsite 

A portion of the gas generated in a landfill can be absorbed into the water 
present in the landfill, particularly when the water is under pressure. 
Encountering various Impermeable layers of clay or waste materials, this 
water would tend to move horizontally, joining perched groundwater flowing 
offsite. As the water head diminishes, the pressure would be released and in 
turn the gas would be released. 

Gas absorption into water in the Midway Landfill can be quantified using the 
following calculations: 

(1) The average flow of groundwater from the landfill (F3̂ ) is approximately 
equal to the average cross-sectional area (A) times percent voids (Vp) 
times the velocity of the water (V) or F^ = A x Vp x V 

o the average cross-sectional area of the landfill aquifer Is 
approximately 30,000 sq. ft. (see Appendix G) 

o the average percent voids in the landfill aquifer is assumed 
to be IQX 

o the average velocity of water leaving the landfill through 
this aquifer is approximately 0.00195 cm./sec. or 5.5276 
ft./day (see Appendix G) 

THEREFORE the average flow of groundwater from the landfill 

= 30,000 sq. ft. X 20% x 5.5276 ft./day 
= 33,165.6 cu, ft./day 

(2) The solubility of CH4 at atmospheric pressure (S^) equals the solubility 
coefficient of CH4 (Ĉ ĥA) times the pressure CH4 exerts on water at 
atmospheric pressure (P^) (from Henry's Gas Law) or S^ = Ĉ ^̂ A '̂  ̂ a 
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o the solubility coefficient of methane (CH4) in water (from 
Henry's Gas Coefficient) equals 1 g/L / 3950 atm. or 1 g/L / 
300200 mm Hg. 

0 the pressure CH4 exerts on water at atmospheric pressure 
equals atmospheric pressure (760 mm Hg) minus the vapor 
pressure of water (31.824 mm Hg) or 728.176 mm Hg. 

THEREFORE the solubility of CH4 at atmospheric pressure 

= 1 g/L / 300200 mm Hg x 728.176 mm Hg 
= 0.002426 g/L 

(3) Based on an approximate water depth of 39 ft (H) in the three wells in 
refuse with the deepest water (wells 23, 38, and 46), and an average 
depth of water in the entire landfill of 33% of that maximum, and an 
average head in that water of 50% of the average depth (H^), the average 
head is calculated as: 

Ha = H X 33% X 50% 
= 39.0 X 0.33 X 0.50 
= 6.435 ft WC 
= 1452.88 mm Hg 

THEREFORE the pressure CH4 exerts on water (P^) at the average head (H^) 
equals atmospheric pressure (Pp) (760 mm Hg) plus the average head (H^) 
(1452.88 mm Hg) minus the vapor pressure of water (Py) (31.824 mm Hg) or: 

t̂ = ^p + ̂ a " ̂ w 
= 750 mm Hg + 1452.88 mm Hg - 31.824 mm Hg 
= 2181.056 mm Hg 

(4) The solubility of CH4 at its average head (Sjj) equals the solubility 
coefficient of CH4 (Cj,g4) times the pressure CH4 exerts on water at its 
average head (P̂ -) (from Henry's Gas Law) or Sh = Cj,h4 ^ t̂ 

THEREFORE the solubility of CH4 at its average head 

= 1 g/L / 300200 mm Hg x 2181.056 mm Hg 
= 0.007265 g/L 

(5) The aunount of CH4 that will escape from the water into the soil after 
the groundwater leaves the site and the average head pressure is 
released (D) equals the difference between the solubility of CH4 in 
water at its average head (Sĵ ) apd the solubility of CH4 in water at 
atmospheric pressure (S^) br D = S^ - S^ 

= 0.007265 g/L - 0.002426 g/L 
= 0.004839 g/L 
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(6) The actual amount of CH4 that will escape from the groundwater that 
leaves the site over time (V,-) equals the flow of water from the 
landfill (F^) times the actual amount of CH4 that will escape the 
water per unit volume (D); or, since 28.31 L = 1 cu ft and the 
density of CH4 at atmospheric pressure = 20.32 g per cu ft, 
Vt = Fa X D 

THEREFORE the actual amount of CH4 that will escape from the groundwater that 
leaves the site over time 

= 33,165.354 cu ft/day X 28.31 L/cu ft X 0.004839 g/L 
X (1 cu ft (CH4) / 20.32 g) 

= 223.59 cu ft(CH4)/day 

On an annual basis, this would be 224 cu ft (CH4)/day X 365 days/yr 
= 81,760 cu ft/year. However, since water is present in the landfill only 
during the rainy season, one half of this total is more accurate, or 40,880 
cu ft/year. 

Assuming this methane generation is spread over the plume area, which is 
roughly 1500 ft X 1500 ft, or 2,250,000 ft^, this is 40,880 cu ft/yr divided 
by 2,250,000 ft^ = 0.02 cu ft of methane/ft^ groundwater/year. 

This is a relatively small amount considering it would be generated over a 
large area; however, it may be a factor contributing in a small way to 
offsite gas. The release rate would be highest in the area closest to the 
leUidfill. This area is under the Influence of the migration control system 
vacuum, and the small amounts of released gas will be drawn back to the 
landfill. It should also be noted that when the final cover is placed on the 
landfill and the surface water is diverted away from the landfill, this 
pathway for gas migration will be eliminated entirely. 

2.1.6.3 Gases Generated Offsite 

A plume of groundwater slightly contaminated by the landfill appears to be 
migrating offsite to the southeast. The biochemical oxygen demand of this 
plume was measured. Its methane generation potential can be quantified using 
the following calculations: 

(1) The average flow of groundwater from the landfill (F^) is approximately 
equal to the average cross-sectional area (A) times percent voids (Vp) 
times the velocity of the water (V) or F^ = A x Vp x V 

0 the average cross-sectional area of the landfill aquifer is 
approximately 30,000 sq. ft. (see Appendix G) 

o the average percent voids in the landfill aquifer is assumed 
to be 20% 

o the average velocity of water leaving the landfill through 
this aquifer is approximately 0.00195 cm./sec. or 5.5276 
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ft./day (see Appendix G) 

THEREFORE the average flow of groundwater from the landfill 

= 30,000 sq ft X 20% x 5.5276 ft/day 
= 33,165.354 cu ft/day 

(2) The carbonaceous fraction of those pollutants measured by biochemical 
oxygen demand (BOD) have the ability under anaerobic conditions to 
generate methane gas. The relationship is that 7.8 cubic feet of 
methane gas can be generated for each pound of carbonaceous biochemical 
oxygen demand (BOD̂ ,). 

Although the highest BOD found, 230 ppm, is in MW-7, this well is 
immediately adjacent to the landfill. More appropriate values to use 
appear to be from MW-13 (< 2 ppm), MW-14 (7 ppm), and MW-15 (4 ppm). 
The average of these is (2 + 7 + 4) divided by 3 = 4.3 ppm. The ratio 
of BODj, to BOD is 0.8. 

The methane generation rate is computed by: 

groundwater flow rate X avg BOD̂ , X density of water X 7.8 ft-̂ /lb, or: 

33,165 ft^/day X 4.3 X lO'^ X 0.8 X 62.4 Ib/ft^ X 7.8 ft^/lb 
= 56 ft^/day 

On an annual basis, this would be 56 ft^/day X 365 days/yr 
s 20,500 ft^/yr 

Assuming this methane generation is spread over the plume area, which is 
roughly 1500 ft X 1500 ft, or 2,250,000 ft^, this is 20,500 ft^/yr (CH4) 
divided by 2,250,000 ft^ 
= 0.009 ft"* of methane/ff^ ground surface/year. 

To put this in perspective, the landfill directly generates about 1000 
ft^ per minute, 
X 1440 min/day = 1,440,000 ft^ per day 
X 365 days/year = 526,600,000 ft^ per year 

This is a relatively small amount considering it would be generated over a 
large area; however, it may be a factor contributing in a small way to 
offsite gas. The release rate would be highest in the area closest to the 
landfill. This area is under the influence of the migration control system 
vacuum, and the small amounts of released gas will be drawn back to the 
landfill. It should also be noted that when the final cover is placed on the 
landfill and the surface water is diverted away from the landfill, this 
pathway for gas migration will be eliminated entirely. 

•I 
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2.2 Installation of Probes 

The City of Seattle and Ecology had Installed many offsite monitoring probes 
around the landfill prior to this study. The probes installed by the City 
are labeled "A" through "X"; the probes Installed by Ecology are numbered 1 
through 92. The locations of these probes are shown on the Midway Landfill 
Vicinity Map (Appendix A). Such monitoring probes provide information on gas 
concentrations and also yield data concerning subsurface conditions. 

In addition to the onsite gas migration control system installed by the City 
and the offsite monitoring probes installed by the City and Ecology, several 
offsite gas extraction wells have been installed by the City and Ecology in 
neighborhoods around the landfill. These were installed as an emergency 
measure to prevent methane from reaching explosive levels in structures. 
Data from the probes and the offsite extraction wells are used in evaluating 
onsite and offsite gas control. 

2.3 Onsite Gas Migration Control Wells 

Thirty-four Phase I migration control wells (see Figure 2-1) were installed 
in waste on 100- to 200-foot centers around the perimeter of the landfill. 
This spacing was designed to create overlapping spheres of Influence between 
wells. However, many areas of the landfill lack sufficient clay cover to 
prevent air being drawn into the soil surrounding the wells. This air 
intrusion results in a low operational vacuum in the wells. Accordingly, 
these Phase I wells could not influence a large enough area to provide con
fidence that the vacuum barrier was being produced, especially along the 
eastern boundary. Therefore, three additional migration control wells, 
numbers 35, 36, and 37, were Installed between existing migration control 
wells 18, 19, 20, and 21. These three new wells are double-completed, that 
is, they have two pipes of different depths so that gas flow can be adjusted 
to minimize air intrusion at the shallow level but maximize vacuum at the 
deeper level. 

Because of the operational limitations of the Phase I migration control wells 
in preventing offsite migration of landfill gas, forty additional Phase II 
migration control wells were planned. Forty-one Phase II wells, also shown 
on Figure 2-1, were Installed between November, 1986 and December, 1987. 
Twelve of the Phase II migration control wells were Installed in native soil 
on approximately 175-foot centers along the eastern border of the landfill. 
These wells are labeled PD-1 through PD-12. 

Nineteen of the Phase II migration control wells were installed in native 
soil on approximately 300-foot centers along the north, west and south 
boundaries of the landfill. These wells are numbered PA-1 through PA-10 and 
PC-1 through PC-9. 

Ten of the Phase II migration control wells were Installed in waste in the 
interior of the landfill. Six wells were placed in the north half of the 
landfill and four in the south. These wells are numbered 38 through 47. 
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2-4 Offsite Control Wells 

Nineteen offsite control wells have been Installed. Due to reductions in gas 
concentrations over time, fourteen of these control wells have been shut 
down. Their locations are shown on Figure 2-2. A table, indicating blower 
horsepower, depths, screened Intervals, and operating status is shown on 
Table 2-1. 

In early 1986, the first five of these wells were installed adjacent to 
structures with severe gas infiltration problems. It had become apparent 
after a few months of operating the onsite migration control wells that the 
reservoir of offsite gas was not going to be pulled back to the landfill 
quickly. The body of gas in the soil under residential neighborhoods was 
still causing concern because of its potential for migrating through base
ments and structure slabs into the houses. The first five wells created a 
negative pressure in the soil underneath the structures, reversing the flow 
of gas away from the structures. 

At that time, the Department of Ecology began installing two similarly 
designed but larger offsite control wells in the same vicinity. These wells 
were 100 feet deep with 5 HP motor blowers; they created vacuums near 40 
inches water column (W.C). The earlier wells were 60 feet deep with 1.5 HP 
motor blowers cuid created vacuums of 8.5 inches W.C. 

Meanwhile, based on the good performance of the Initial five control wells, 
the City had contracted with Parametrix to install up to ten more control 
wells, nine in the neighborhood east of the landfill and one directly west of 
the landfill. After observing the ability of the larger Ecology control 
wells to remove large quantities of gas from an extensive area, the City and 
Parametrix decided to make the last three wells of the larger design. These 
wells are labeled C-13, C-14, and C-15. 

Because of continuing high gas concentrations south and northeast of the 
landfill in the summer of 1987, the City contracted with Parametrix, Inc. to 
drill two additional offsite control wells. C-16 was drilled northeast of 
the site (see Figure 2-2) in November, 1987. Negotiations with the homeowner 
on whose property the control well is located have delayed the connection of 
a motor blower to this well. C-17 was drilled south of the site (see Figure 
2-2) in November, 1987. A temporary 1.5 HP motor blower was installed on the 
well to test gas concentrations and the effect, if any, that the control well 
will have on the reservoir of migrated gas in the area. From this test, a 
determination will be made as to the need for a permanent 5 HP motor blower. 

2.5 Potential Gas Migration Pathways 

Subsurface gases can travel through porous materials or voids created 
naturally by varying soil composition or artificially by human construction 
such as utility conduits. Both types of pathways in the landfill vicinity 
were investigated for the RI. 
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TABLE 2-1 
CONTROL WELL INFORMATION 
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WELL DATE INSTALLED INSTALLED 
COMPLETED BY FOR 

DIST DIST LGT BLWR CASG STATUS 
TO TO OP SIZE SIZE 
SCRN SCRN SCRN 
TOP BOT 

C-l 12/23/85 PMX/TERRA CITY 7 55 48 1.5 3" OFF 
C-2 
C-3 
C-4 
C-5 
C-6 
C-7 
C-8 
C-9 
C-IO 
C-11 
C-12 
C-13 
C-14 
C-15 
C-16 
C-17 
E-1 
E-2 

12/31/85 
12/30/85 
01/21/86 
02/03/86 
05/14/86 
05/16/86 
05/19/86 
05/20/86 
05/22/86 
06/02/86 
06/04/86 
08/26/86 
09/09/86 
09/16/86 
11/25/87 
11/19/87 
N/A 
01/23/86 

PMX/TERRA 
PMX/TERRA 
PMX/TERRA 
PMX/TERRA 
PMX/TERRA 
PMX/TERRA 
PMX/TERRA 
PMX/TERRA 
PMX/TERRA 
PMX/TERRA 
PMX/TERRA 
PMX/TERRA 
PMX/TERRA 
PMX/TERRA 
PMX 
PMX 
HART/CRO 
HART/CRO 

CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
DOE 
DOE 

10 
10 
9 
8 
8 
11 
10 
11 
9 
5 
10 
21 
40 
29 
20 
20 
N/A 
20 

58 
58 
58 
76 
95 
79 
66 
59 
77 
73 
67 
101 
95 
93 
120 
120 
N/A 
83 

48 
48 
49 
68 
87 
68 
56 
48 
68 
68 
57 
80 
55 
64 
100 
100 
N/A 
63 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
5.0 
5.0 
5.0 
*A* 
1.5 
5.0 
5.0 

3" 
3" 
3" 
3" 
3" 
3" 
3" 
3" 
3" 
3" 
3" 
4" 
4" 
4" 
4" 
4" 
4" 
4" 

OFF 
OFF 
OFF 
OFF 
*T* 
•T* 
OFF 
OFF 
OFF 
OFF 
ON 
OFF 
OFF 
OFF 
*A* 
*T* 
OFF 
OFF 

*A* = Well is drilled, but is not attached to a blower yet. 
*T* = Well is throttled to a low vacuum. 
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2.5.1 Utility Conduits 

Locations of the major underground utilities in the vicinity of the Midway 
Landfill are described in Section 5.5 and Appendix F. No significant changes 
have taken place since the beginning of this study. 

2.5.2 Geologic Pathways 

Drilling logs for all wells and probes have provided stratified soil samples 
of the landfill and vicinity. These data were used for the study undertaken 
as part of the RI to identify naturally occurring geologic pathways for 
landfill gas migration. Appendix G is a report of the geologic investiga
tion. 

•I 
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3.0 OBJECTIVES 

The objectives of the Remedial Investigation with respect to combustible 
gases are (1) to monitor the gases both onsite and offsite; (2) to charac
terize the gases detected offsite and determine their source; (3) to evaluate 
the control well systems now in operation and (4) to identify potential 
underground utility and geologic pathways for gas migration. 

3.1 Monitor Onsite and Offsite Gas 

The purpose of monitoring onsite and offsite gases is to make it possible to 
evaluate the effectiveness of the control well system. Monitoring informa
tion comes from the dally operation of the wells and from the offsite 
monitoring probes. (A probe is a borehole drilled in the same way a well is 
drilled, but generally smaller in diameter.) Offsite probes monitor the gas 
contained in the soil and provide data on the effectiveness of the offsite 
control wells. These probes also help to evaluate the onsite migration 
control system. The core samples taken while drilling give geologic informa
tion needed to identify potential geologic pathways for gas migration. 

Approximately 150 probes have been Installed offsite in the vicinity of the 
landfill by Ecology and the City to monitor the offsite gas. In addition, 
ten multi-completion offsite monitoring probes were Installed specifically 
for the remedial investigation to supplement the existing data base. Up to 
four screened intervals were installed in each probe to enable sampling from 
the lithologic layers that are potential gas transmitters. 

Specific questions that were to be answered Included whether offsite subsur
face gases originate within the landfill or from other sources and whether 
there is a subsurface conduit for landfill gas migration between the Midway 
Landfill and the Kent Highlands Landfill. 

3.1.1 Levels of Methane, Oxygen, Carbon Dioxide, and Static Pressure in 
Offsite Probes 

The extent of offsite landfill gas migration can be determined by monitoring 
certain parameters in the offsite monitoring wells. Also, data from these 
wells can supplement knowledge of subsurface conduits for landfill gas 
migration. Monitoring the static pressure in the various completion zones in 
the offsite monitoring probes near the landfill over time determines if the 
vacuum induced in the landfill by the active onsite migration control system 
is having an influence on the soil surrounding the offsite probes. 

Static pressure will vary with changing barometric conditions. To evaluate 
the influence of the onsite gas migration control system on an offsite probe, 
it is necessary to evaluate the change in static pressure in the probe over 
time during similar barometric conditions. 
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3.1.2 Gcis Levels and Temperatures in Onsite Migration Control Wells 

Methane gas and carbon dioxide are produced in the anaerobic decomposition of 
organic materials. Carbon dioxide, water, cind heat are produced in the 
aerobic decomposition of organic materials. The major constituents of the 
gas in an onsite migration control well are monitored carefully to determine 
the amount of anaerobic and aerobic decomposition taking place In the 
surrounding waste. These data allow the operator to decide how to adjust the 
well to maintain its safe operation. 

The temperature of the gas stream is an important characteristic to monitor 
in the migration control wells installed in waste. The heat produced in 
aerobic decomposition can cause the decomposing waste to combust spontaneous
ly if it is not carefully monitored. However, temperature is not as useful 
cin indicator in migration control wells drilled in native soil, because the 
soil acts to cool the gas stream before it can be sampled. 

3.2 Characterize Onsite and Offsite Gas 

In order to control the gases detected offsite in the vicinity of the 
landfill it is necessary to identify their source or sources. This is done 
by analyzing the chemical components of the offsite gases and possible local 
sources. Both matching characteristics euid relative distances of the 
matching seunples are used to infer the most likely source. 

The objectives for characterizing onsite and offsite Midway Landfill gases as 
part of the Remedial Investigation were to: 

o Identify chemical components present in onsite subsurface landfill 
gas samples collected from: 

Onsite gas extraction wells 
Pre-combustion flare gas (flare inlet gas) 

0 Identify a list of onsite gas contaminants comprising a potential 
"fingerprint" of Midway Landfill gas 

0 Identify chemical components present in offsite subsurface gases 

o Evaluate the relationship between onsite gas composition and offsite 
gas composition 

Appendix E of this report contains the technical memorandum describing the 
gas characterization study. 

3.3 Evaluate Onsite and Offsite Gas Extraction Well Perfonnance 

The onsite gas migration control system and offsite gas extraction wells are 
closely Interrelated. The effectiveness of offsite control wells in reducing 
gas concentrations In structures and surrounding shallow soil can be eval-
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uated by studying the gas measurements recorded in structures and probes near 
the offsite control wells before and after well startup. These readings make 
it possible to assess the need, if any, for additional offsite control wells, 
and to ascertain the point at which the offsite control wells have effective
ly removed the gas within their radius of influence and can therefore be shut 
down. 

It is possible for offsite control wells to draw landfill gas away from the 
landfill. To help prevent this, an onsite migration control system must be 
in operation before offsite control wells are started up. It is important to 
study the field data from the monitoring probes near the offsite control well 
to assure that this phenomenon does not occur. 

As the data from the offsite probes are accumulated, isopleths (computer 
generated maps) of methane concentrations can be developed for various time 
periods to show trends in landfill gas migration. From these data, areas 
around the landfill in which the onsite gas migration control system is or is 
not having sufficient influence can be Identified and appropriate adjustments 
can be made. Also, areas that need additional probes or extraction wells can 
be Identified. Sample Isopleths are included in this report as Figures 5-1 
through 5-6. 

3.4 Identify Potential Gas Migration Pathways 

Gas produced from decomposition of waste in the Midway Landfill has been 
detected in offsite gas probes, and also has been found in structures such as 
basements and underground utility vaults. It was not clear at the beginning 
of this Investigation whether gas was leaving the landfill via gas-transmitt
ing geologic strata or by following a path or conduit created by underground 
utility lines or pipes, or a combination of both. 

3.4.1 Utility Conduits 

To ascertain whether landfill gas may have migrated through utility conduits, 
the locations of major underground utility lines were identified and mapped, 
then compared to the locations of known offsite gas. This investigation is 
described in Appendix F of this report. 

3.4.2 Geologic Pathways 

To Identify potential geologic pathways for gas migration, drilling log data 
were correlated to construct a picture of the geologic strata underlying the 
area. Gas concentration data from the monitoring probes were compared to the 
map of potential pathways. The geologic pathways study is described in 
Appendix G of this report. 
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4.0 METHODOLOGY 

This section describes the methods used to accomplish the study objectives. 

The City of Seattle has been monitoring the Midway Landfill gas both onsite 
and offsite since 1985. This monitoring is expected to continue for many 
years. Monitoring data come from two types of sources: (1) the daily 
operation of the onsite and offsite gas extraction wells, and (2) the gas 
probes Installed specifically to monitor gas offsite and also used to monitor 
the control wells. Thus, data for the RI are drawn from the data base 
created by routine ongoing monitoring. The gas extraction wells and gas 
probes installed before initiation of the RI are described in greater detail 
in Section 2, Existing Conditions. Methods of monitoring the control wells 
and the additional probes designed and installed specifically for the RI are 
discussed in this section. 

In order to characterize chemical composition of the gas detected offsite and 
to determine its source, special analyses were made of gas samples taken both 
onsite and offsite. The effectiveness of the onsite migration control wells 
was evaluated by means of data from the offsite probes. The offsite control 
wells were evaluated using both monitoring data and probes located near the 
wells. 

4.1 Monitoring Onsite and Offsite Gas 

Both the gas produced at the landfill and the gas that has migrated offsite 
are monitored routinely through measurement and analysis of the content of 
the extraction wells and gas probes. Data obtained from the onsite and 
offsite wells are evaluated to form conclusions as to the extent of migration 
and effectiveness of the control system. 

4.1.1 Onsite Gas 

At the site, gas may be found in various strata of waste and in the underly
ing soil. This gas is measured to determine the status of the migration 
control wells. The operational goal at present is to draw out the maximum 
amount possible while staying within safe parameters. Aerobic decomposition 
should be minimized, but at the same time the BTU content of the gas should 
be high enough to keep the flare lit. The operational goal will change after 
offsite gas is removed and final cover is placed on the waste. The goal then 
will be to match extraction rates with the rate of gas generation in the 
waste. 

4.1.1.1 In-Waste Gas Migration Control Wells 

In-waste gas migration control wells Installed at the Midway Landfill are 
monitored at least weekly to assure their optimum performance with respect to 
control of offsite migration of landfill gas, and to assure that the opera
tion of the well system is not "over stressing" the landfill (extracting 
landfill gas too aggressively and thereby creating the potential for landfill 
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fires). 

Anaerobic decomposition, or decomposition of organic materials in an oxygen 
depleted environment, is accomplished by anaerobic bacteria. The by-products 
of anaerobic decomposition are methane and carbon dioxide. The anaerobic 
bacteria require organic materials (in this case, solid waste) and water to 
produce appreciable amounts of methane eind carbon dioxide. Aerobic decom
position, or decomposition of organic materials in an oxygen-rich environ
ment, is accomplished by aerobic bacteria. The by-products of aerobic 
decomposition are carbon dioxide, water, and heat. The aerobic bacteria 
require organic materials (in this case, solid waste) and oxygen to produce 
appreciable amounts of carbon dioxide, water, and heat. 

The heat produced by aerobic decomposition can start an underground fire in 
the deposited solid waste. Therefore, the amount of aerobic decomposition 
taking place in the landfill is closely monitored to assure safe operation of 
the system. The safe operation of the system is accomplished by minimizing 
the amount of air allowed to enter the solid waste. 

The following three steps are taken to assure that a minimum of aerobic 
decomposition is taking place in the landfill: 

0 Improve the landfill cover with low permeability material. 

o Reduce the vacuum in the landfill so that less air is drawn through 
the cover to the solid waste. 

0 Closely monitor the amount of aerobic decomposition taking place in 
various areas of the landfill and adjust well vacuums accordingly. 

To accomplish the system goals of gas control without refuse fires, the 
following information is gathered about the gas stream from each completion 
zone of each well in the field: 

0 Combustible gas percentage 
0 Oxygen percentage 
0 Carbon dioxide percentage 
0 Static pressure 
0 Temperature 
o Velocity of gas stream in well 

The sum of concentrations of combustible gas, oxygen, and carbon dioxide in 
the sampled gas stream will always equal less than 100% of the total gas 
stream make-up. Experience has shown that the balance of the gas stream 
consists of water vapor and nitrogen, except for trace quantities of various 
organic compounds. The percentage of water vapor in the gas stream can be 
calculated from the following formula: 
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7.89 - 3207 
%H2O = 10 395.43 + T 

Pa + Pw 

Where 

T = Temperature in degrees Fahrenheit of the gas stream 
Pa = Atmospheric pressure in inches water column 
P^ = Pressure (or vacuum) in inches water column in the well 

The balance of the gas stream is nitrogen. In other words, 100% - % methane 
- % oxygen - % carbon dioxide - % water vapor = % nitrogen. Free (or 
breathing) air consists of approximately 21% oxygen and 79% nitrogen, a ratio 
of 1:3.76. By multiplying the percent of oxygen recorded in the field by 
3.76, the amount of nitrogen associated with free air can be known. 

As stated previously, aerobic decomposition consumes oxygen. It gets its 
oxygen from air. The nitrogen associated with this consumed oxygen is not 
used in the chemical process of aerobic decomposition and is still present in 
the gas stream. This "carried over" nitrogen is considered "residual 
nitrogen." This residual nitrogen is the balance of nitrogen present in the 
gas stream after the nitrogen associated with free air is subtracted. 

Excunple: 

Readings taken in the field: 

WELL# CH4% 02% 
X 21 7 

C02% 
18 

TEMP 
48degF 

PRESS. 
-5.0"WC 

FLOW 
22 CFM 

Calculated quantities: 

H20% (from above formula) = 1% 
Total N2% (100% - CH4% - 02% - C02% - H20%) = 53% 
N2 from free air (from ratio described above) = 26% 
Residual N2% (difference between total N2 and N2 from free air) = 27% 

Operational experience at Midway and other landfill sites has shown that a 
safe limit of aerobic decomposition in the waste surrounding an extraction 
well is indicated by a maximum of 30% residual nitrogen in the well gas 
stream. In consideration of this fact and the present goal to maximize flow 
and vacuum, wells in refuse are adjusted to allow no more than 30% residual 
nitrogen. Because heat is produced in aerobic decomposition, temperature is 
a very quick indicator of dangerous amounts of aerobic decomposition. 
Experience has shown that 108 degrees F in the well gas stream is a safe 
maximum temperature at which to operate an in-waste extraction well at the 
Midway site. Temperature is measured at least three times a week. 

The above calculations and parameters are used only to give the operator an 
idea of what biochemical processes are taking place in the area of Influence 
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of a particular well. Other variables such as ambient temperature vs. 
temperature in the well, barometric pressure, and influence of areas outside 
the landfill are also taken into consideration in the adjustment of migration 
control wells. 

4.1.1.2 In-Soil Migration Control Wells 

The primary purpose of migration control wells installed in native soil 
around the landfill is to create a vacuum barrier that will prevent offsite 
migration. These wells also are used in conjunction with offsite control 
wells to remove reservoirs of gas that have accumulated over time. 

In-soil wells are monitored and adjusted similarly to the wells Installed in 
waste. Pressure in the onsite wells is measured and compared with pressure 
in the offsite probes to verify the effectiveness of the extraction wells. 
The chemical make-up of the gas is monitored to determine the amounts of 
aerobic and anaerobic decomposition taking place in the area of the landfill 
Influenced by a particular in-soil extraction well. However, temperature in 
in-soil wells is not as quick an indicator of aerobic decomposition in the 
waste Influenced by the well, because the landfill gas extracted by an in-
soil well has cooled somewhat by migrating through native soil. Therefore, 
the operator must rely more heavily on the calculations of residual nitrogen 
described in 4.1.1.1 to determine adjustments to be made to the in-soil 
wells. 

As with migration control wells installed In waste, in-soil wells are 
monitored at least weekly. 

4.1.2 Offsite Monitoring Probes 

Between 1983 and 1986, 24 gas probes were installed by Parametrix for the 
City of Seattle and 92 by Black and Veatch for Ecology to monitor offsite gas 
in the vicinity of the landfill. Appendix A shows the locations of the 
probes. When the RI process began, 11 additional offsite gas monitoring 
probes were Installed. Parametrix, the City of Seattle, and Ecology selected 
the locations for these probes, shown in Figure 4-1 and labelled "Yl" through 
"Z" and "AA" through "AH." 

Nine of the RI probes are on street rights-of-way. Probe "AC" is located on 
private property. Drilling the boreholes and installing the in-ground probes 
was subcontracted to Richardson Well Drilling Company of Tacoma, Washington. 
All of this work was closely supervised by an experienced engineering 
geologist from Terra Associates, Inc. of Redmond, Washington. 

Drilling began on November 3, 1986. A top-drive rotary drill rig was used to 
drill and sample the first three boreholes, Yl, Y2, and Z. Soil samples were 
taken at 5-foot intervals using a tube sampler driven with the casing hammer. 

Work progress with the rotary drill rig proved to be much slower than 
expected, primarily because of the time required to take the soil samples. 

City of Seattle - Midway LF RI 21 March 1988 



Midway Landfill Ri — City of Seattle 

PARKSIDE 
ELEMENTARY 

SCHOOL 

S 263BD ST 

SCALE IN F=ET 

=00 1000 

Approximate Localion 
of Monitoring ProDes 
Installea for RI. 

Approximate Location 
of Monitoring Probes 
installed SuOsequent 
toR.I. 

Rgure 4-1 
Locations of Offsite 
Monitoring Probes Installed 
for and Subsequent to 
the Remedial Investigation 



! • 

Consequently, the rotary rig was assigned to other Midway Landfill work and a 
cable-tool drill rig was mobilized to complete the remaining eight gas 
monitor probes. 

The borehole was advanced 5 feet at a time. Once the borehole was bailed 
free of cuttings, the sampling tube was inserted in the borehole and driven 
with a down-the-hole haimner operated by the cable. It was usually driven 1 
to 2 feet once in every 5 feet of borehole. 

An engineering geologist from Terra Associates, Inc. maintained a log of each 
borehole, collected the soil samples and supervised the installation of the 
gas collecting completion zones. The soil samples and cuttings were visually 
classified in accordance with the Unified Soil Classification System. 

A typical schematic drawing of the as-built probe installations is shown in 
Figure 4-2. Schematic drawings of probes Installed previously are shown on 
Figures 4-3, 4-4, and 4-5 for reference. 

The gas monitor wells consist of either two, three or four gas probes packed 
in pea gravel collection zones. Each probe uses Schedule 80 PVC slotted pipe 
within the collection zones and solid-wall PVC riser pipe to bring the gases 
collected to the ground surface. The slot width is either .02 or .04 inches. 
All joints are threaded flush. No glues or solvents are used. The probes 
are closed on the bottom end with either slip caps or threaded caps. The top 
of each probe is threaded and closed off with a Schedule 80 1/4-lnch PVC ball 
valve and threaded cap. 

In each well, the deepest probe is 3/4-lnch-dlameter pipe and the shallower 
probes are 1/2-inch-diameter pipe. Because it was anticipated that the deep 
probes might encounter the regional groundwater table, the larger pipe was 
Installed to make it easier to Insert the sensor used to measure the water 
level in the wells. 

In each probe, pea gravel for the collection zone was installed to a point at 
least a few feet above the uppermost slots. The seals separating adjacent 
collection zones vary in thickness from about 2 to 5 feet. The seals were 
made from bentonite pellets, except for the deepest seal in probe AF, where 
concrete grout was used. At least 100 pounds of pellets were used for the 
bentonite seals. Once in place, water was added to swell the pellets and 
activate the seals. To exclude surface water from the probes, a seal was 
placed at the ground surface. These seals were either concrete grout over a 
layer of bentonite pellets or concrete grout mixed with a few percent of 
bentonite powder. 

Each well was secured at the ground surface with a cast iron locking cover 12 
inches in diameter. The last hole was completed on March 26, 1987. 

Subsequent to the Installation of the 11 probes for the RI, the City con
tracted with Parametrix, Inc. to install 11 additional multi-completion gas 
probes north, east and south of the landfill to gather additional information 
concerning offsite migration of gas. The additional probes are shown in 
Figure 4-1, labeled "AI" through "AV". These 11 subsequent probes were 
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Installed using methodology similar to that described for the RI probes. 

To gather additional information near the peat bog located southeast of the 
landfill, the City contracted with Parametrix, Inc. to Install three shallow 
single-completion probes in the peat deposits. These probes are 6 to 9 feet 
deep, hand-augured holes. In each probe, pea gravel was Installed to within 
one foot of the surface, and a bentonite surface seal was Installed in the 
upper one foot. The probe is perforated in the pea gravel zone. These 
probes are shown on Figure 4-1, labeled "AS", "AT", and "AU". 

City of Seattle field technicians monitor the offsite probes (see schedule 
below). Instruments used for monitoring are listed in Appendix B, Section 
4.2. Barometric pressure for the Midway area is recorded 4 to 6 times a day 
in order to determine the effect of barometric conditions on the readings. 

Probes are monitored dally until confidence in the readings and a general 
knowledge of trends in the probes is established. If unacceptable levels of 
combustible gas are Indicated at a probe, it will be monitored more frequent
ly than those indicating lower levels. Probes nearer the landfill will 
generally be monitored more frequently than those farther away. This makes 
it possible to determine quickly if gas is escaping from the landfill so that 
appropriate measures can be taken using the onsite migration control system. 

The monitoring schedule is reviewed and revised, as necessary, on a bi-weekly 
basis in meetings between the City of Seattle, Parametrix, Inc., and the 
Department of Ecology. 

Currently (December 1987), the monitoring schedule for probes around the 
Midway landfill is as follows: 

DAILY 
AE 

TWO TIMES WEEKLY (evenly spaced) 

A, C, I, J, K, L, M, AB, AF, AH, AM, AN, AO, AP, AQ, AR, AS, AT, 
AU, AV, AW 
37, 39, 44, 45, 48, 49, 50, 56, 59, 60, 61, 78, 79, 81, 82, 85, 87, 
MW-21, MW-23, MW-15, MW-24, MW-27 

ONE TIME WEEKLY 

B, D, E, H, N, 0, R, V, Y, AA, AC, AD, AG, AI, AJ, AK, AL, 
2, 10, 13, 17, 18, 64, 66, 69, 76, 84, 88, 90, MW-8, MW-10, MW-14, 
MW-20, MW-29 

MONTHLY 

P, 0, S, T, U, W, X, Z, 5, 6, 7, 8, 9, 12, 20, 21, 22, 26, 27, 29, 31, 
32, 33, 34, 35, 40, 41, 43, 46, 47, 51, 52, 53, 54, 57, 58, 67, 70, 72, 
73, 74, 75, 77, 80, 83, 86, 89, 91, 92, BARHOLES* 
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SPECIAL MONITORING 

TWO TIMES WEEKLEY (evenly spaced) 

C-4 

*Barholes are shallow, temporary holes made to measure gas in shallow soil on 
days of low barometric pressure. 

4.1.3 Offsite Control Wells 

Offsite control wells are monitored for three purposes: first, to determine 
when levels of offsite gas have decreased to the point that the control wells 
should be shut down; second, to correlate the gas concentrations in each well 
with those read in nearby offsite probes in order to determine the sphere of 
Influence of the well, and third, to ensure that no discharges to the 
atmosphere would create health hazards. 

The offsite control wells operate continuously. The control well equipment 
has proven to be quite reliable, with a minimum of downtime from mechanical 
failure. 

When the control wells were first put on line, they were monitored at least 
daily. In control wells where the gas concentrations were quickly reduced to 
near zero and remained at that level for several weeks, the frequency of 
monitoring was reduced to approximately once per week. As confidence in the 
data recorded Increased, the frequency of monitoring was reduced accordingly. 

Measurements normally taken at offsite control wells Include: 

o Combustible gas (percent, parts per million, or percent LEL) 
0 Oxygen (percent) 
0 Carbon dioxide (percent) 
0 Hydrogen sulfide (parts per million) 
o Static pressure (vacuum in the well) 
o Velocity 

Velocity is converted mathematically to a flow measurement. The static 
pressure and flow measurements are used to evaluate the well's relative 
sphere of Influence. 

Samples of the discharge are analyzed periodically for volatile organics and 
priority pollutants. 

4.2 Characterizing the Chemical Composition of Onsite and 
Offsite Gas 

In order to characterize the gas detected offsite and to determine its 
source, special analyses were made of subsurface gas samples from onsite gas 
extraction wells, inlets to temporary gas flares, and offsite gas monitoring 
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probes. 

Field measurements were taken using the following Instruments: 

0 HNu PI-101 photoionization detector (total non-methane volatile 
organic compounds) 

0 MSA 361 portable detector (combustible gas, hydrogen sulfide, and 
oxygen) 

o Fyrite carbon dioxide analyzer 

Gas samples were collected in Tedlar bags and shipped to Analytical Tech
nologies, Inc. Gas samples were, analyzed for Hazardous Substances List 
volatile organic compounds by gas chromatography/mass spectrometry (GC/MS) in 
accordance with USEPA Method 624 guidelines. 

Gas from individual onsite gas extraction wells was first characterized to 
describe substances known to be present at specific locations deep within the 
landfill. Pre-combustion flare gas, representing the combined gases ex
tracted from the numerous Individual onsite gas extraction wells, was then 
characterized to provide a description of the "average" composition of gases 
extracted from the landfill. Finally, gas collected from offsite gas 
monitoring probes and offsite gas control wells was compared with onsite gas 
to evaluate the nature and extent of potential offsite migration of the 
substances found in the landfill gas. 

A report of the results of the gas characterization study is Included as 
Appendix E of this report. 

4.3 Evaluating the Effectiveness of the Gas Control System 

4.3.1 Onsite Migration Control Wells 

The effectiveness of the onsite migration control system is measured in the 
offsite probes. It depends on the strength and continuity of the "vacuum 
curtain" established around the site by operation of the migration control 
veils. This vacuum curtain is created by overlapping zones of influence of 
the individual wells. The zone of influence around a well is a product of 
well vacuum and flow, soil or refuse porosity, cover permeability, screened 
interval, and water table. The variable factors of vacuum, flow, and water 
table are monitored. If the onsite migration control system is successfully 
creating a vacuum curtain around the site, probes closer to the landfill will 
show vacuums in the medium and deep soil zones. Methane concentrations in 
offsite probes will fall or reach zero. 

Methane concentrations may rise temporarily after system startup as offsite 
pools of gas are pulled back to the landfill. To study this phenomenon, 
several tools are used. First, pressure gradients emanating from the onsite 
extraction system are studied to determine if the vacuums created onsite are 
pulling offsite gas back toward the landfill, or if gas is being allowed to 
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migrate offsite. Gas will tend to flow perpendicular to pressure gradients 
through the path of least resistance. In other words, if gas is present 
within the zone of influence of an Induced vacuum point (i.e. an extraction 
well), the gas will tend to flow toward the vacuum point. Experience at the 
Midway Landfill has shown that methane and carbon dioxide are produced during 
anaerobic decomposition in a ratio of 1.45:1. It is also known that carbon 
dioxide is readily soluble in water. Therefore, if the ratio of methane to 
carbon dioxide in an offsite gas probe is considerably less than the ratio in 
probes on the landfill, it can be assumed that the missing carbon dioxide was 
absorbed into soil moisture as the gas migrated. Further, if the pressure 
gradients between the offsite probe and the onsite extraction system indicate 
that gas is flowing toward the landfill, it is concluded that the gas being 
sampled is not newly migrated landfill gas, but gas that migrated offsite 
long ago and is now being pulled back to the landfill. 

4.3.2 Offsite Control Wells 

The offsite control wells, unlike the onsite migration control wells, were 
Installed as temporary remedial measures because of high levels of gas 
detected in neighborhoods surrounding the landfill. Tests (described below) 
were performed to determine the optimum size for these wells. When the wells 
have succeeded in removing or reducing offsite gas, the vacuum they create 
may begin drawing new gas from the landfill. For this reason, they must be 
monitored carefully and shut down at the appropriate time. 

On February 6, 1986, Hart Crowser & Associates performed a pumping test on 
extraction well EW-2 to determine the strength of Induced soil vacuums at 
varying distances from the well. The test Involved measuring the pressure 
drawdowns in the extraction well and in observation probe 82 as a function of 
time while the extraction well was pumped at a constant rate. Well EW-2 and 
observation probe 82 are shown on the site vicinity map in Appendix A of this 
report. 

After this test, selected other offsite control wells and probes near these 
wells were monitored upon startup to determine the area of Influence of these 
control wells and provide engineering data for the design of additional 
control wells. This intensive monitoring program was conducted by Paramet
rix, Inc. The original plan was to monitor several times a day for a week or 
more. This was performed in the first test period from June 24, 1986 to June 
30, 1986. Evaluation of monitoring results showed very rapid probe pressure 
swings due to barometric changes. Monitoring of the probes several times per 
day was not often enough to give defined curves for pressure-time relation
ships. A second test period was planned during which probes were monitored 
every ninety minutes for twenty four hours. The second series of tests was 
performed from July 22, 1986 to July 23, 1986. 

In June, 1987, in light of continuous low gas reading in gas probes near 
control wells C-l, C-2, C-3, C-5, E-1, and E-2, it was determined that these 
wells had accomplished their task of removing gas from their spheres of 
Influence. They were, therefore, shut off. Probes near these wells were 
monitored with Increased frequency Immediately before and for weeks after the 
shutdown. Probes near control well E-2 were monitored intensively by 
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Parametrix for approximately 48 hours following its shutdown (see Table 5-4). 
This Increased monitoring schedule was implemented to determine whether or 
not gas was likely to return to the area surrounding these control wells 
following their shutdown, or if gas had been effectively removed from the 
area. Static pressures, combustible gas concentrations, and oxygen were read 
in the monitoring probes during this study. 

The results of the tests described above are discussed in Section 5.1.2.2 of 
this report. 

4.4 Identifying Potential Gas Migration Pathways 

4.4.1 Utility Corridors 

Information on the locations of major underground utilities was compiled from 
existing maps and records. Cities of Kent and Des Moines Sewer Districts, 
Water District #75, City of Kent water supply utility, and Washington Natural 
Gas provided copies of their utility location maps. The Information from 
these maps was then transferred to a common base map. Base maps were 
provided to Pacific Northwest Bell Telephone Company and Puget Sound Power 
and Light Company, and these utilities transferred their information to the 
base maps. Individual contacts were made by telephone call, letter, or both. 

4.4.2 Geologic Pathways 

A hydrogeologic study of the Midway Landfill area was conducted by Applied 
Geotechnology, Inc., a subcontractor of Parametrix, Inc., as part of the 
Remedial Investigation. The report of this study is Appendix A of the 
Groundwater Technical Report. Subsurface strata described in the hydro-
geologic study were examined for evidence of undersaturated zones in the 
aquifers underlying the study area. Undersaturated zones are located where 
the potentlometrlc surface of the groundwater (i.e., the level to which the 
water would rise if it were unconfined) is below the roof of the aquifer, 
leaving a portion of the aquifer through which air and other gases can 
travel. 

The undersaturated zones of the aquifers identified in the hydrogeology 
report were plotted on cross sections and then mapped. The next phase of the 
analysis involved comparing potential gas migration pathways with known 
concentrations of gas offsite, using computer-generated gas concentration 
isopleths that illustrate the distribution of subsurface gases by plotting 
data points from gas extraction wells and monitoring probes. Finally, the 
variables that can affect the migration of gases within the geologic path
ways, such as barometric pressure, hydraulic conductivity and permeability, 
fluctuations in water tables, and gas concentrations and mass flux, were 
evaluated. 

A report of the results of this study is included as Appendix G of this 
report. 
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5.0 RESULTS 

Gas was eliminated from structures in the vicinity of the landfill within the 
influence area of the offsite extraction wells within one day of startup. 
Some residences adjacent to control well installations typically recorded 
levels of methane above 10,000 ppm, despite repeated efforts to seal the 
foundations of the structures. Since startup of the control wells, no gas 
has been detected in these residences. 

LcUidfill gas detected offsite at shallow depths has been reduced greatly, 
from as high as 55% by volume in some areas to less than 5% by volume in all 
areas, except to the north, where installation of in-soil migration control 
wells has been delayed. This reduction is the result of the operation of 
both the onsite migration control wells and the offsite gas extraction wells, 
which were installed concurrently. 

Deep gas concentrations offsite also have been reduced from as high as 70% by 
volume in some areas down to less than 5% by volume west of the landfill and 
less than 40% by volume in areas north, northeast and southeast of the 
landfill. Evidence indicates that the remaining areas of high concentrations 
of gas in deep soil zones are caused by gas reservoirs that have accumulated 
over time. These areas are still causing concern. Monitoring continues, and 
steps to remove this gas, such as the Installation of additional offsite 
control wells and in-soil migration control wells, are being studied. 

The ongoing operation of the migration control wells has been stabilized, 
based on a large database accumulated in their year and a half of operation. 
Analysis of offsite and onsite gas composition and concentrations suggests 
that the Midway Landfill is indeed the source of at least some of the offsite 
gas. A comparison of maps of shallow gas concentrations and underground 
utility lines gives no indication that utility conduits are transmitting 
methane from the landfill. However, the investigation of potential geologic 
pathways of gas migration found extensive undersaturated zones with high 
potential for gas movement to the south, east, and southwest of the landfill. 
These zones are more limited to the west and northwest of the landfill, and 
very limited to the north. These findings correlate well with known gas 
concentrations attributed to the landfill on the basis of other data. 

5.1 Gas Monitoring Program 

The ongoing program to monitor the landfill gas Includes frequent checks of 
the concentration, composition, temperature, flow, and velocity of gases 
pumped by onsite and offsite control wells and indicated by offsite probes. 

The migration control system is Intended to prevent offsite migration of 
landfill gas and also to stabilize and control gas production in the land
fill. Monitoring this system, therefore, requires information from both the 
onsite and offsite wells and probes. The onsite and offsite data are 
described separately in this section and interrelated in Section 5.3, 
Evaluation. 
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5.1.1 Onsite Gas 

Prior to the installation of the Phase II wells, the average extracted gas 
flow throughout the landfill was approximately 900 to 1000 cfm of 35% to 50% 
methane. After the installation of the Phase II wells in February, 1987, an 
Initial high flow of nearly 2000 cfm of 30% methane was measured as gas from 
the area was being drawn through the soil surrounding the in-soil extraction 
wells. Over the course of about one month, this flow was reduced to 1200 to 
1400 cfm of 30% gas. This is approximately the flow at which the system has 
been operating since April, 1987. Figures 5-1 through 5-8 show this history 
of well performauice in four typical wells in four different areas of the 
landfill. Please note that the static pressure for each well is graphed 
separately for clarity. 

The average combined methane concentration throughout the migration control 
system is currently approximately 30% by volume. Many in-waste wells produce 
methane at levels over 40%. In contrast, most of the In-soll wells produce 
very low concentrations of methane mixed with free air. This is to be 
expected, because most of the landfill gas is extracted by the in-waste 
wells. 

Many areas of the landfill lack the 3 feet of clay cover considered adequate 
to prevent intrusion of air into the waste when wells are Installed and 
operated. For this reason gas flow in several of the migration control wells 
must be restricted to prevent unsafe levels of aerobic decomposition near the 
wells. Normally operating in-waste extraction wells are currently producing 
gas at temperatures between 90 and 100 degrees F. This temperature reflects 
the level of aerobic decomposition allowed to occur in the landfill as a 
compromise between optimum operation of the extraction wells and safe limits 
of heat. 

When the Influenced waste near a migration control well exhibits the charac
teristics of aerobic decomposition above safe limits, the flow from that well 
is reduced by use of the control valve Installed on each completion of every 
well. Inversely, when readings taken indicate that a well can be drawn on 
harder and still be within safe limits, the flow is Increased. Generally, 
changes in gas concentrations can be witnessed within 24 hours, although 
sometimes this process can take weeks. Except for the effect of barometric 
changes, the flow in wells remains fairly constant between adjustments. 
Wells eventually will be adjusted to a stable level of maximum safe flow. 
After this has been accomplished, the frequency at which a well is monitored 
can be reduced. The only future adjustments necessary should be those in 
response to seasonal chainges in average barometric pressure and the gradual 
decline of methane production in the landfill. Slightly lower well flow 
rates may be necessary in winter to offset the flow Increase caused by low 
barometric pressure. 

In a test performed in the winter of 1986, it was found that 12 of the 
migration control wells contained significantly high water levels (see Table 
5-1). The effectiveness of these wells was reduced depending on the ratio of 
well screen above and below the water table. Because these wells were 
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TABLE 5-1 
WATER LEVELS IN ONSITE MIGRATION CONTROL WELLS (WINTER, 1986) 

WRT.T. # DRILL 
DEPTH 

DEPTH TO 
WATER 
FM. GRO. 

kXXkXA-kkkAkk-kkii*k-*iHc-kkJikAXkkXXXXXXkX-k-kXXXkXXXJi,XkXAkAJiXX 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

49.5 
60.5 
51.5 
61 
66 
60.5 
70.5 
67.5 
71 
65.5 
61.5 
61.5 
62 
65.5 
61 
61 
87 
101 
93.5 
92.5 
101 
76.5 
79 
60.7 
89 
87.5 
86 
89.5 
87 
50 
76.4 
81 
68 
68 

47 
37.5 
37 
31.5 
36 
42.5 
56.5 
65 
56.5 
55 
59 
57 
40.5 
55 
57.5 
55 
N/A 
N/A 
N/A 
N/A 
96.5 
69 
47.5 
51 
60.5 
50 
72.5 
86 
81.5 
47 
52.5 
76 
41 
57 

HEIGHT OF 
WATER 
IN WELL 

XXXXXXXkkkk-k i rkkkkkkk 

2.5 
14.8 
14.5 
29.5 
30 
18 
13.5 
2.5 
14.5 
10.5 
2.5 
4.5 
21.5 
10.5 
4.5 
6 
N/A 
N/A 
N/A 
N/A 
4.5 
7.5 
31.5 
9.7 
28.5 
33.5 
13.5 
3.5 
5.5 
3 
24.1 
5 
27 
11 
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clustered principally in three nonadjacent groups, and no water table was 
known to correlate with the water levels in the wells, it was concluded that 
these were local perched water tables within the refuse. By the summer of 
1986, when it was decided to pump the wells down, they were dry again. 

A second test performed in the winter of 1987 again found no evidence of a 
single continuous water table throughout the landfill. Table 5-2 shows the 
results of the second study, including a list of the drill depths and 
completion levels of each migration control well. 

5.1.2 Offsite Gas 

According to City monitoring records, when offsite control wells were 
Installed near structures where high levels of gas had been detected, the gas 
was effectively removed from the structure within one day of startup. 
Furthermore, gas concentrations have been eliminated in all monitored 
structures in the vicinity of the landfill since the implementation of the 
offsite control wells. Combustible gas above 100 parts per million has not 
been recorded in a structure in the vicinity since November, 1986. 

5.1.2.1 Reduction of Gas Concentrations 

Data recorded' from the monitoring probes were compiled and input to a 
computer to generate gas concentration isopleths. This program uses the 
Inverse Distance method, which assumes a logarithmic progression between data 
points. These maps show gradient lines of gas concentrations around the 
Midway Landfill. 

The isopleths for February 1986, shown in Figures 5-9 and 5-10, represent the 
status of landfill gas migration just after the Phase I onsite gas migration 
control system was put into continuous operation. Methane was detected 
northwest of the landfill in concentrations over 75%, north in concentrations 
over 25%, and east and southwest in concentrations over 40%. 

The effect of the offsite control wells placed in various locations in the 
neighborhoods east of the landfill can be seen on Figure 5-9. This figure 
shows a shallow soil zone east of Interstate 5 in which high concentrations 
of gas were detected. The areas near the offsite control wells show con
centrations of gas 5% or less by volume. Figure 5-10 shows that methane was 
detected in the deep soil zone in all directions away from the landfill and 
in concentrations over 90% in some areas. 

The detection of extremely high concentrations of methane (75-95%) was 
surprising. However, experience has shown that gas remaining in the soil 
over a long period of time may show rising methane concentrations. One 
explanation for this phenomenon is that the carbon dioxide initially Included 
in the gas as a product of decomposition is removed through absorption by 
soil moisture. Other possibilities such as equipment failure, operator 
error, or natural gas leaks, were investigated. Some natural gas leaks were 
found (see Appendix F), but they were not sufficient to cause such widespread 
high concentrations. Equipment failure and operator error were not Involved. 
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TABLE 5-2 
VATER LEVELS IN ONSITE MIGRATION CONTROL VELLS (FEBRUART 20, 1987) 

WELL # DRILL 
DEPTH 

DEPTH TO 
VATER 
FM. GRD. 

HEIGHT OF 
VATER 
IN WELL 

1 49.5 N/A N/A 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35S 
35D 
36S 
36D 
37S 
37D 
38S 
38D 
39S 
39D 
40S 

60.5 
51.5 
61 
66 
60.5 
70.5 
67.5 
71 
65.5 
61.5 
61.5 
62 
65.5 
61 
61 
87 
101 
93.5 
92.5 
101 
76.5 
79 
60.7 
89 
87.5 
86 
89.5 
87 
50 
76.4 
81 
68 
68 
42 
98 
46 
94 
48 
98 
56 
110 
64 
126 
64 

60.5 
30.58 
61 
34.41 
37.64 
50.22 
63.17 
51.67 
51.62 
58.31 
50.37 
37.26 
65.5 
54.11 
53.69 
91 
99 
86 
85 
94 
67.75 
40 
47 
60 
61 
68.8 
87 
82 
46.53 
74 
69 
44.53 
54.87 
41 
91 
42 
91 
48 
97 
56 
75 
64 
110 
64 

0 
20.92 
0 
31.67 
22.86 
20.28 
4.33 
19.33 
13.88 
3.19 
11.13 
24.74 
0 
6.89 
7.31 
6 
2 
7.5 
7.5 
7 
8.75 
39 
13.7 
29 
26,5 
17.2 
2.5 
5 
3.47 
2.4 
12 
23.47 
13.13 
1 
7 
4 
3 
0 
1 
0 
35 
0 
16 
0 
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TABLE 5-2 (CONT.) 
VATER LEVELS IN ONSITE MIGRATION CONTROL VELLS (FEBR0AR7 20, 1987) 

VRT.L # DRILL 
DEPTH 

DEPTH TO 
VATKR 
FM. GRD. 

FKTRflT OF 
VATER 
IN VELL 

40D 126 110 16 
41S 
41D 
42S 
42D 
43S 
43D 
44S 
44D 
45S 
45D 
46S 
46D 
47S 
47D 
PAIS 
PAID 
PA2S 
PA2D 
PA3S 
PA3D 
PA4S 
PA4D 
PA5S 
PA5D 
PA6S 
PA6D 
PA7S 
PA7D 
PA8S 
PA8D 
PA9S 
PA9D 
PAIOS 
PAIOD 
PC8S 
PC8D 
PDIS 
PDID 
PD2S 
PD2D 
PD3S 
PD3D 
PD4S 
PD4D 

60 
118 
32 
62 
39 
78 
39 
79 
42 
82 
47.5 
93 
43.5 
85 
29 
67 
35 
67 
56 
93 
44 
98 
60 
118 
63 
120 
58 
117 
52 
112 
64 
138 
66 
133 
32 
76 
65 
130 
63 
130 
56 
113 
68 
130 

60 
91 
21.72 
62 
38.51 
48.5 
38.51 
51.15 
42 
57.01 
43.22 
53.05 
40.28 
52.24 
12 
56.66 
N/A 
N/A 
56 
93 
44 
98 
60 
118 
30 
55 
56 
74.9 
48.5 
109 
44.5 
138 
66 
133 
13 
59.27 
65 
128 
63 
130 
56 
113 
68 
130 

0 
27 
10.28 
0 
0.49 
29.5 
0.49 
27.85 
0 
24.99 
4.28 
39.95 
3.22 
32.76 
17 
10.34 
N/A 
N/A 
0 
0 
0 
0 
0 
0 
33 
65 
0 
42.1 
3.5 
3 
19.5 
0 
0 
0 
19 
16.73 
0 
2 
0 
0 
0 
0 
0 
0 
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TABLE 5-2 (CONT.) 
VATER LEVELS IN ONSITE MIGRATION CONTROL VELLS (FEBRUART 20, 1987) 

VELL / DRILL 
DEPTH 

DEPTH TO 
VATKR 
FM. GRD. 

HEIGHT OF 
VATKR 
IN VELL 

PD5S 60 60 0 
PD5D 
PD6S 
PD6D 
PD7S 
PD7D 
PD8S 
PD8D 
PD9S 
PD9D 
PDIOS 
PDIOD 
PDllS 
PDl ID 
PD12S 
PDl 2D 

118 
50 
110 
58 
117 
46 
101.5 
44 
99.5 
51 
101.5 
51 
101 
38 
91 

118 
50 
94 
56 
89 
46 
86 
44 
80.5 
47 
81 
51 
76 
38 
78 

0 
0 
16 
2 
28 
0 
15.5 
0 
19 
4 
20.5 
0 
25 
0 
13 
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Figure 5-9 
ShallowGas Concentration 
Isopleth, February, 1986 
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Figure 5-10 
Deep Gas Concentration 
isopleth, February, 1986 
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N Figures 5-11 and 5-12 depict maximum shallow and deep gas concentrations 
during the first half of September, 1986. This represents the status of 
migrated landfill gas seven months after the Phase I onsite migration control 
system was put into continuous operation. As shown on Figure 5-11, shallow 
gas concentrations to the east, south, and west of the landfill have been 
greatly reduced. This is due not only to the Influence of the onsite gas 
migration control system but also to the operation of the offsite control 
wells. 

Shallow gas concentrations over 25% by volume were detected 1300 feet west of 
the landfill. A peat bog located in that area was believed to be the source 
of this gas rather than the landfill. Shallow gas concentrations over 30% by 
volume were detected north of the landfill in probe 2 during this time. 
Without sufficient probe data north of the landfill, it was difficult to 
determine the source of this gas, but it appeared to be generated offsite. 

Figure 5-12, a deep gas concentration isopleth for September 1986, shows 
significant reductions in deep gas concentrations west of the landfill. The 
concentrations of gas to the north, east, and south also are shown to have 
been reduced greatly (from over 90% by volume in some areas to 35% by volume 
east of the landfill). However, it is not possible to ascertain the exact 
extent of offsite landfill migration in these areas because of the lack of 
offsite probe data. 

Figures 5-13 and 5-14 show even further reductions in offsite gas concentra
tions by July 1987. Figure 5-15 shows no significant changes in offsite 
migration of shallow gas between July euid December of 1987. Additional 
evidence suggests strongly that the gas previously detected in shallow soil 
zones to the west of the landfill is a product of the peat bog located in 
that area. Gas concentrations in shallow soil zones north of the landfill 
are still causing concern. Further actions are underway to determine the 
source and alleviate the problem, if the landfill is determined to be the 
source. 

Also shown on Figure 5-14 is a high level of offsite gas to the northwest of 
the landfill. Indicated by data from a gas probe installed in groundwater 
monitoring well MW-21. This high concentration has been reduced over time 
(see Figure 5-16 showing December 1987 Isopleths) by the operation of control 
well C-11 and onsite migration wells PA-1 and PC-8. 

5.1.2.2 Results of Probe Monitoring During Offsite Control Well Shut Down 

Tests performed by Hart Crowser and Associates, Inc. in February 1986, and by 
Parametrix, Inc. in June and July of 1986 (see Section 4.3.2 of this report). 
Indicate that offsite control wells have an increasingly stronger vacuum 
effect proportional to the depth of the soil. In shallow soils air exchange 
with the atmosphere is quicker and pressures equalize faster than in deep 
soil zones. For a typical 1.5 horsepower blower producing 30 cubic feet per 
minute, the relationship between distance from the well and pressure in the 
surrounding soil is approximately as shown in Table 5-3. 
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Note: All sets of probes and 
wells may not be shown. 
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Figure 5-11 
Shallow Gas Concentration 
Isopleth, September 1986 
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Figure 5-12 
Deep Gas Concentration 
Isopleth, September 1986 
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Note: All sets of probes and 
wells may not be shown. 
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Figure 5-13 
Shallow Gas Concentration 
Isopleth, July 1987 
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Rgure 5-14 
Deep Gas Concentration 
Isopleth, July 1987 
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Note: All sets of probes and 
wells may not be shown. 
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Figure 5-15 
Shallow Gas Concentration 
Isopleth, December 1987 
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Figure 5-16 
Deep Gas Concentration 
Isopleth, December 1987 



The soil vacuum produced by the 1.5 horsepower blower well system protects 
structures from gas infiltration within a radius of Influence of 200 to 300 
feet. Once the gas is removed from the structure, the prime objective of the 
Installation of the well is to remove pockets of gas. Although the 1.5 
horsepower system can remove gas from the soil surrounding it, it does so 
rather slowly. It takes roughly two months to remove gas from the soil in a 
200-foot radius and 12 months to remove gas from within 500 feet, because of 
the relatively low flow rates produced by the 1.5 HP blower. In contrast, a 
5 horsepower blower producing 250 cfm will remove gas from the soil in a 500-
foot radius in approximately 1.5 months, and will also protect structures 
within a 500-foot radius. Considering this increased performance, it was 
felt that any additional offsite control well installations should be the 
larger type, as long as they can be placed far enough away from the landfill 
to be sure that they are not drawing new gas out of the landfill. Where 
there is a zone of relatively slow air flow in the soil midway between two 
adjacent control wells, air Infiltration from the soil surface will tend to 
cleanse gases from this "dead" zone. 

TABLE 5-3 
PRESSORS DRAWDOWN RELATED TO DISTANCE FROM 

OFFSITE CONTROL WELLS 
(1.5 H.P. MOTOR BLOWER) 

DISTANCE PRESSURE DRAWDOWN 
(inches W . C , measured 
at least 50 feet below 
ground surface) 

50 ft. 1.0 
100 ft. 0.7 
200 ft. 0.4 
500 ft. 0.1 

Table 5-4 shows the results of the test performed by Parametrix, Inc. in June 
1987 during the shutdown of selected offsite control wells (see Section 
4.3.2). These results indicate that both shallow and deep-level gas has been 
effectively removed from the areas surrounding these control wells, and that 
the wells can remain shut down. Probes near these wells are still monitored 
at least weekly. If in the future gas levels are found to be rising, the 
control wells will be restarted. 
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TABLE 5-4 
RESULTS OF INTENSIVE MONITORING DURING THE 

SHUT-DOVN OF CONTROL VELL E - 2 , JUNE 1987 

PROBE 46 ( a l l CH4 readings in FPU) 

DATE TIHE TIHE TIHE PRESSDBE Ce4 
HIH MIL ACT (IN. H.C.) 

nut tut t tmti t tu t t t in t t t t t t t tu tnut tnut tut txnt 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
7/01/87 
7/01/87 

-60 
0 
1 
3 
6 

10 
15 
20 
25 
30 
45 
60 

IOO 
160 
300 
500 
740 
980 

1180 
1420 
1660 
1900 
2140 
2300 
2620 
2880 

0700 
0800 
0801 
0803 
0806 
0810 
0815 
0820 
0825 
0830 
0845 
0900 
0940 
1040 
1300 
1620 
2020 
0020 
0340 
0740 
1140 
1540 
1940 
2340 
0340 
0800 

0745 
0800 
0809 
0803 
0806 
0810 
0815 
0823 
0825 
0830 
0850 
0906 
0946 
1051 
1312 
1626 
2034 
0026 
0344 
0806 
1150 
1540 
2040 
2330 
0345 
0845 

-0,06 
--

-0.08 
— 
--
--
— 

-0.085 
— 
--

-0.06 
-0.08 

-0.075 
-0.06 
-0.05 

-0.025 
-0.04 

-0.075 
-0.07 

-0.045 
-0.055 
-0.04 
-0.06 
-0.08 
-0.08 

-0 .1 

IOO 
— 
--
--
--
--
--
— 
— 
--

IOO 
100 
IOO 
IOO 
IOO 
80 

IOO 
80 

180 
200 
IOO 
200 
180 
200 
200 
240 

CH4 check Rith Gastech sodel 1939-01 (LEL scale) 

DATE TIHE CB4 02 
HIL 

t t t t t t t t u t u n n n t t n n u n t t m n 
6/29/87 2034 0 16 
6/30/87 0808 fl 16 
6/30/87 2040 0 16 
7/01/87 0845 0 16 
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TABLE 5-4 
RESULTS OF I N T E N S I V E MONITORING DURING THE 

SHUT-DOVN OF CONTROL VELL E - 2 , JUNE 1 9 8 7 ( C O N T . ) 

PB06E 50 ( a l l CH4 r e a d i n g s i n PPM) 

DATE TIHE TIHE TIHE P8ESSDRE PRESSORE PRESSORE CB4 CH4 CH4 
MIH MIL ACT (IH. H .C . ) ( IH. H .C . ) ( IH. H.C.) PROBES PROBE H PROBED 

PROBE S PB06E H PROBE D 
t t n tuu tuunn iuu tnu tununun tnn t t t t i uu t t t t t uu tu t t t t t t t t nn t t n in tnn t t n t t n 
6/29/87 -60 0700 0710 -0.48 - I -2.2 
6/29/87 0 
6/29/87 I 0801 0801 -0.52 -1.1 -2 
6/29/87 3 0803 0803 -0.52 - I . l -2 
6/29/87 6 0806 0806 - - I . l -2 
6/29/87 10 0810 0810 - -1 .1 -2 
6/29/87 15 0815 0815 - -1 ,1 -2 
6/29/87 20 0820 0820 -0.54 - I . l -2 
6/29/87 25 0825 0825 -0.55 - I . I -2 
6/29/87 30 0830 0830 -0.55 -1.2 -1.9 
6/29/87 45 0845 0845 -0.58 -1.2 -1.3 46 46 16 
6/29/87 60 0900 0900 -0.54 -1.2 -1.8 64 64 20 
6/29/87 IOO 0940 0940 - 0 . 4 9 - I - 1 . 5 64 64 20 
6/29/87 160 1040 1040 -0.32 -0.75 -1.3 75 75 30 
6/29/87 300 1300 1300 -0.12 -0.27 -0.65 90 90 320 
6/29/87 500 1620 1622 0.1 0.22 -0.215 82 82 1200 
6/29/87 740 2020 2017 -0.05 -0 . I I5 -0.7 90 90 6000 
6/30/87 980 0020 0019 -0.225 -0,5 -1.2 58 58 
6/30/87 1180 0340 0340 -0.23 -0.6 -1.3 90 90 6000 
6/30/87 1420 0740 0804 -0.26 -0,87 -1.7 IOO IOO 4000 
6/30/87 1660 1140 1140 -0.17 -0.45 -1.4 150 150 84 
6/30/87 1900 1540 1530 -0.11 -0.29 - l . l 120 120 90 
6/30/87 2140 1940 2020 -0.17 -0,42 -1.2 IOO IOO 84 
6/30/87 2300 2340 2319 ' -0,3 -0,8 -1,8 100 100 16 
7/01/87 2620 0340 0340 -0.37 -0.9 -1.9 140 140 15 
7/01/87 2880 0800 0840 -0.49 -1,2 -2,3 140 140 4000 

CH4 check a i th Gastech lodel 1939-01 (LEL scale) 

DATE TIHE CH4 02 CH4 02 CH4 02 
MIL PROBE S PROBE S PROBE H PROBE M PROBE D PROBE D 

t t n n t u t t t t u n t t t n t t t n t u t t t u t t u t t u t t u t t t u u n t t t u t u t t t t t t t t t u t t u t t 
0 6/29/87 

6/29/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
7/01/87 

2017 
2II5 
0019 
0340 
0804 
2020 
0840 

0 
--
— 
-
0 
0 
0 

19 
— 
— 
— 
19 
19 
19 

19 
— 
— 
— 
19 
19 
19 

12 
14 
18 
12 
8 
0 
8 

9 
9 
9 
9 

11 
21 
11 
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TABLE 5-4 
RESULTS OF I N T E N S I V E MONITORING DURING THE 

SHUT-DOVN OF CONTROL VELL E - 2 , JUNE 1 9 8 7 ( C O N T . ) 

PROBE 66 ( a l l CB4 r e a d i n g s i s PPH) 

DATE TIHE TIHE TIHE PRESSORE CH4 
MIN MIL ACT (IN. H.C.) 

nt tn t t t tn t t t t t t tn t tu t t t tnunntu tunutun t t t t t 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
7/01/87 
7/01/87 

-60 
0 
1 
3 
6 

10 
15 
20 
25 
30 
45 
60 

IOO 
160 
300 
500 
740 
980 

1180 
1420 
1660 
1900 
2140 
2300 
2620 
2880 

0700 
0800 
0801 
0803 
0806 
0810 
0815 
0820 
0825 
0830 
0845 
0900 
0940 
1040 
1300 
1620 
2020 
0020 
0340 
0740 
II40 
1540 
1940 
2340 
0340 
0800 

0715 
0800 
0807 
0803 
0806 
0810 
0815 
0821 
0825 
0830 
0845 
0903 
0940 
1046 
1325 
1635 
2047 
0037 
0357 
0816 
1200 
1550 
2059 
2347 
0352 
0852 

-0.18 
-

-0.19 
— 
--
— 
--

-0.17 
--
— 

-0.19 
-0.14 
-O.Il 
-0.07 
-0.02 

0,07 
0.025 
-0.06 
-0.05 

-0.045 
0 

0.055 
-0.03 
-0.09 
-0.05 
-0.09 

CH4 check Rith Gastech lodei 1939-01 (LEL scale) 

DATE TIHE 
HIL 

CH4 02 

t tut t t t tut t tut t t tut t t t t tnt t tut 
6/29/87 
6/30/87 
6/30/87 
7/01/87 

2047 
0816 
2100 
0852 

0 
0 
0 
0 

16 
17 
17 
17 

220 
--
--
--
— 
— 
--
— 
--
— 

190 
110 
150 
140 
140 
140 
120 
IOO 
200 
200 
200 
200 
100 
200 
200 
200 

60 
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TABLE 5-4 
RESULTS OF INTENSIVE MONITORING DURING THE 

SHUT-DOVN OP CONTROL VELL E - 2 , JUNE 1987 (CONT.) 

PROBE 76 ( a l l CH4 r e a d i n g s i n PPM) 

DATE 

t t t k i i i t l 

6/29/87 
6/29/87 
6/29/87 
6/23/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
7/01/87 
7/01/87 

TIME 
HIN 

t t i i t t t i t 

-60 
0 
I 
3 
6 

10 
15 
20 
25 
30 
45 
60 

IOO 
160 
300 
500 
740 
980 

1180 
1420 
1660 
1900 
2140 
2300 
2620 
2880 

TIME 
HIL 

0700 
0800 
0801 
0803 
0806 
0810 
0815 
0820 
0825 
0830 
0845 
0900 
0940 
1040 
1300 
1620 
2020 
0020 
0340 
0740 
1140 
1540 
1940 
2340 
0340 
0800 

TIHE 
ACT 

0722 
0800 
0802 
0803 
0806 
0810 
0815 
0820 
0825 
0830 
0848 
0900 
0942 
1041 
1328 
1640 
2102 
0054 
0405 
0819 
1205 
1555 
2106 
2355 
0359 
0858 

PRESSORE 
(IN. H.C.) 

PROBE S 

-0 .045 
— 

-O.fll 
--
— 
--
— 
--
--
--

-O.OI 
-0 .005 

- 0 . 0 4 
O.OI 

0.055 
0.095 

0 
-0 .065 

-0 .06 
-0 .05 

0.06 
0,07 

-0 .05 
-0 .09 

-0 .065 
-0 .105 

PRESSURE 
(IN. H.C.) 

PROBE H 
(44444444444 

-0,25 
— 

-0.22 
--
--
--
— 
--
— 
— 

-0.23 
-0 .21 
-0 .21 
- O . l l 

0.07 
0.15 

-0.095 
-0.26 
-0.24 
-0.19 

0.03 
0.06 

-0.22 
-0.32 
-0.25 
-0.33 

PRESSURE 
(IN. H.C.) 

PROBE D 
EX44«4J;fVf4 

-0.075 
--

-0.065 
— 
— 
— 
--
— 
— 
— 

-0.07 
-0.04 
-0.06 
-0.03 

0.13 
0.165 

0.02 
-0.12 

-0 .1 
-0,085 

0.1 
0,12 

-0.26 
-0.165 
-0.13 

-0.185 

CH4 CH4 CB 
PROBE S PROBE H PROBE 

92 IOO 88 

140 200 100 

130 200 100 

180 240 IOO 

CH4 check Rith Gastech l o d e l 1939-0! (LEL s c a l e ) 

DATE TIHE CH4 02 CH4 02 CH4 02 
HIL PROBE S PROBE S PROBE H PROBE H PROBE D PROBE D 

nttuii .nnttuitixttnntuii .nintnitunutttntttuuuitnuuunxutntux 
6/23/87 2102 0 18 0 18 0 18 
6/30/87 0819 0 18 0 16 0 19 
6/30/87 2109 0 18 0 18 0 13 
7/01/87 0858 0 18 0 16 0 18 



Sheet 5 of 5 

TABLE 5 - 4 
RESULTS OF INTENSIVE MONITORING DURING THE 

SHUT-DOVN OF CONTROL VELL E - 2 , JUNE 1 9 8 7 ( C O N T . ) 

PROBE 82 ( a l l CB4 r e a d i n g s in PPH) 

DATE 

A * * 4 ' ^ ^ 4 ' * * ' 

6/29/87 
6/29/87 
6/29/87 
6/23/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
7/01/87 
7/01/87 

TIME 
MIN 

E|4X44|44] 

-60 
0 
I 
3 
6 

10 
15 
20 
25 
30 
45 
60 

100 
160 
300 
500 
740 
980 

1180 
1420 
1660 
1900 
2140 
2300 
2620 
2880 

TIME 
HIL 

0700 
0800 
0801 
0803 
0806 
0810 
0815 
0820 
0825 
0830 
0845 
0900 
0940 
1040 
1300 
1620 
2020 
0020 
0340 
0740 
I I 4 0 
1540 
1940 
2340 
0340 
0800 

TIHE 
ACT 

[4444*444 

0722 
0800 
0801 
0803 
0806 
0810 
0815 
0820 
0825 
0830 
0845 
0900 
0940 
1040 
1300 
1632 
2040 
0034 
0352 
0812 
II55 
1545 
2047 
2337 
0348 
0850 

PRESSORE 
(IN. H.C.) 

PROBE S 

444*4*444441 

-0.9 
— 

-1.2 
-1.2 
-1 .2 
-1 .2 
-1 .2 
-1 .2 
- 1 . 1 
- 1 . 1 
-0.9 

-0.72 
-0.4 
-0 ,2 

0 
0.15 
0.05 

-0.13 
-0.13 
-0.12 
-0.02 
0.025 
-0 .11 
-0 .2 
-0 .9 

-0.245 

PRESSORS 
(IH. H.C.) 

PROBE M 
l ik ' tk t ' ik 'H 'k t 

1444444*4*44' 

-4 .5 
--

-4.4 
-4.6 
-4.6 
-4 .5 
-4 .2 
-3.9 
-3.6 
-3 .4 
-2.6 
-2.2 
-1 .3 
-0 .8 

-0.07 
0.34 
0.04 

-0,43 
-0.45 
-0.57 
-0.18 

-0.045 
-0 .3 
-0.7 
-0.6 

-0.92 

PRESSURE 
(IN. H.C.) 

PROBE D 
t i f t i k k f k i k ' i 

1444444**4441 

-3.2 
— 

-3.2 
-3.4 
-3.2 

-3 
-2.8 
-2.5 
-2.4 
-2.2 
-1.8 
-L5 

-1 
-0.72 

-0.015 
0.26 
-0,1 
-0,6 

-0.62 
-0.64 
-0,3 

-0.185 
-0.45 
-0,8 

-0.18 
-1.1 

CB4 
PROBE S 

•444**44* 

66 
— 
--
— 
--
— 
— 
--
--
--
62 
72 
75 
72 
76 
68 
46 
66 

IOO 
100 
IOO 
90 

IOO 
120 
210 
140 

CH4 
PROBE M 

t k t k i k k i k 
K * 4 « * 4 * * 4 

14 
--
— 
--
— 
— 
--
--
— 
— 
14 
14 
16 
33 
54 
68' 
40 
40 
70 
72 
80 
82 

100 
100 
100 
140 

CB4 
PROBE D 

• t t t t t f t 
'4***4*4 

15 
-
--
--
--
-
— 
— 
— 
--
13 
19 
80 
90 
90 
90 
78 

100 
140 
140 
160 
160 
160 
200 
120 
200 

CB4 check R i t h Gas tech l o d e l 1939-01 (LEL s c a l e ) 

DATE TIME CB4 02 CB4 02 CB4 02 
HIL PROBE S PROBE S PROBE H PROBE H PROBE D PROBE D 

txtixtxxttxxttttttxtxttxxttxttttxtxttttttxtxttttxxttxtxxxxxxxttxxxxxxxtttxtxxtxix 
6/29 /87 2040 0 18 0 13 0 19 
6 /30 /87 0812 0 18 0 19 0 19 
6 /30 /87 2047 0 18 0 20 fl 18 
7 /01 /87 0850 0 18 0 19 0 18 
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5.2 Gas Characterization Study 

The results of the gas characterization studies described in Appendix E of 
this report showed that subsurface gas collected from the onsite gas extrac
tion wells and flare manifolds contained a wide variety of substeUices, 
including 23 USEPA Hazardous Substamces List Volatile Organic Compounds (HSL 
VOCs). The compounds found most frequently and in the highest concentrations 
in the onsite subsurface gas included ethylbenzene, vinyl chloride, total 
xylenes, toluene, and benzene. The meucimum concentrations of these compounds 
were in the low parts-per-million (ppm) remge. The toxic inorganic gases 
hydrogen sulfide eUid carbon monoxide were also reported present onsite in the 
low parts-per-million range. Hydrogen cyeuiide was not detected in onsite 
gas. 

The association of five HSL VOCs, ethyl-benzene, benzene, toluene, total 
xylenes, and styrene, referred to here as the "BTX group," was judged to 
comprise the "fingerprint" of the HSL VOCs that are found in landfill gas. 
These compounds were found most frequently and in the highest concentrations 
onsite; other HSL VOCs were found less frequently and in lower concentra
tions, generally in the parts-per-billlon range. 

For the 23 HSL VOCs detected in the onsite subsurface gas, the mean onsite 
concentration for a given contaminauit was typically less than 10% of the cor
responding maximum onsite concentration. The maximum observed onsite 
concentration for emy HSL VOC detected during sampling of subsurface landfill 
gas was 31 ppm of vinyl chloride, detected at gas extraction well 44D-0. The 
mesm concentration of vinyl chloride across all onsite gas extraction well 
samples was slightly less than 3 ppm. 

Subsurface gas from onsite gas extraction well 44D-0 was generally observed 
to have higher concentrations of HSL VOCs than gas from other onsite sampling 
points. Of the 23 HSL VOCs detected in onsite subsurface gas, the maximum 
concentrations reported for 13 of the compounds were observed at well 44D-0; 
One possible explanation is that well 44D-0 had a relatively low gas flow 
rate, 6 ft-^/min ("equilibrium flow"), at the time of sampling, which may have 
resulted in increased opportunity for these gas contaminants to accumulate in 
the relatively smaller, slower-moving volume of gas. 

Mapping of these and other selected gas components suggested that offsite 
migration of at least some onsite gas contaminants has occurred, potentially 
in all directions away from the Midway Landfill. However, offsite concentra
tions of the five BTX-group compounds appear to be attenuated with increasing 
distance from the landfill. (See Table 5-5). No BTX-group compounds were 
found more than 2300 feet from the landfill perimeter. 

Comparison of maximum on-site and off-site concentrations of the five BTX 
compounds showed estimated attenuation of these compounds to be in the range 
of 73.6 to 99.7%. Comparison of mean on-site and off-site concentrations of 
the five BTX compounds showed estimated attenuation of these compounds to be 
in the range of 56.1 to 99.4%. 
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Table 5-5 Estimated on-site/off-site attenuation of primary HSL VOCs 
detected in subsurface gas samples. 

CAS 
# 

100-41-4 
1330-20-7 
108-88-3 
71-43-2 

lCO-42-5 

75-01-4 

Attenuation 

Target 
CooiDOund 

Ethylbenzene 
)fylenes (Total) 
Toluene 
Benzene 
Styrene 

Vinyl chloride 

MAXIMUM 0CN3NIRAIICNS 
On-Site 

fDDb) 

16,610 
29,195 
24,044 

1,384 
508 

31,215 

. ^ On-Site Concentration 
(%) = 

Off-Site 
fDOb) 

127 
106 
68 

185 
134 

275 

(DDh) -

Attenuation 
(X) 

99.2 
99.6 
99.7 
86.6 
73.6 

99.1 

Off-Site Concen 
On-Site Concentrat ion (ppb) 

MEAN OCN3NIRArrONS 
Qi-Site 

CDDb) 

2,825 
3,419 
1,920 

318 
41 

2,807 

.ration (w 

Off-Site 
fDDb) 

44 
19 
18 
28 
18 

35 

hi „ inn 
—' X 100 

Attenuation 
(X) 

98.4 
99.4 
99.1 
91.2 
56.1 

98.8 

Source: Parametrix, 1987. 
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Vinyl chloride was frequently associated with the BTX-group compounds in 
onsite subsurface gas, but during sampling offsite it was found at only two 
of the gas monitor probe locations, both south of the landfill. In a 
separate study, conducted by Farr, Friedman & Bruya, Inc., under subcontract 
to Parametrix, vinyl chloride was also found at concentrations of up to 1-3 
ppm at other locations to the east and south of Midway Landfill in the 
subsurface gas samples collected from offsite gas control wells. Factors 
affecting the distribution of vinyl chloride in subsurface gas in the 
vicinity of Midway Lemdflll may be different from those affecting the 
distribution of the BTX-group compounds; this is discussed in further detail 
in the Midway Landfill Remedial Investigation Summary Report (Parametrix, 
1988). 

Vinyl chloride was not found offsite at as many locations as the BTX com
pounds. Its offsite concentrations were substantially lower than its onsite 
concentrations (see Table 5-5). Comparison of maximum onsite and offsite 
concentrations of vinyl chloride showed an approximate attenuation of 99.1%. 
Comparison of mean onsite and offsite concentrations of vinyl chloride showed 
an approximate attenuation of 98.8%. 

The gas characterization studies conducted for the Midway Lemdflll Remedial 
Investigation were not designed to identify the mechanisms responsible for 
observed attenuation of subsurface gas components; however, some possible 
mechanisms might be biodegradation, chemical interactions with water or soil 
components, adsorption onto soil organic matter, and the action of the onsite 
gas extraction system in drawing subsurface gas back toward the landfill. 

Several HSL VOCs were detected in subsurface gas samples collected west of 
the landfill at offsite gas monitoring probe completions 88-S and 88-M, which 
are adjacent to a wetland area. It is difficult to determine solely from the 
gas characterization studies the degree to which compounds found at this 
location may be associated with materials present in the wetland, as opposed 
to being materials that have possibly migrated from Midway Landfill. 

Although some HSL VOCs were detected in offsite subsurface gas mon'torlng 
probes to the east, remedial investigation data do not suggest extensive 
migration of subsurface gas contaminants in this direction; none of the 
compounds reported at gas monitoring probe M-M appear to have migrated as far 
east as probe 50-S. 

Results of a study conducted outside the scope of the remedial investigation 
(Farr, Friedman, and Bruya, 1987) further indicated that evaluation of the 
ethane/methane and propane/methane ratios might be useful in distinguishing 
Midway Landfill gas from natural gas that is supplied by local utilities such 
as the Washington Natural Gas Company. 
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5.3 Evaluation of Onsite Migration Control and Offsite Control Wells 

As seen in the Isopleths in Section 5.2, gas levels have been reduced around 
the landfill since the implementation of the onsite gas migration control 
system and the offsite gas extraction wells. The early Isopleths were based 
on data from a limited number of probes, and in many instances at the time 
represented did not include areas farther from the site that contained gas. 
Probes installed over time and represented in later Isopleths have helped to 
further define the extent of offsite gas migration, information that assists 
in determining the proper measures to be implemented both onsite and offsite 
to eliminate the gas accumulated offsite. Table 5-6 lists all probes 
Installed around the landfill for this and other studies. 

Offsite control wells are installed to remove a reservoir of gas that has 
accumulated offsite. In this capacity, offsite control wells have proven 
quite successful. However, once the reservoir of gas surrounding the offsite 
control well has been eliminated, the control well should be shut down. If 
it is not, it may begin to draw gas out of the landfill. This potential 
effect can be minimized by the proper operation of the onsite migration 
control system, but it forces operation of the onsite system to create a 
greater vacuum curtain around the landfill than would otherwise be necessary. 

An example of this phenomenon is shown on Figure 5-17, a pressure gradient 
isopleth of an area of the landfill in which gas is potentially migrating 
from the landfill to am offsite extraction well. The average vacuum Induced 
along the perimeter of the landfill in this area is -2.0 inches WC. The 
vacuum induced at the control well shown to the southeast of the landfill is 
-5.5 inches WC. Note that the pressure gradient lines indicate an Increase 
in vacuum away from the landfill. This indicates a flow path in the 
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TABLE 5-6 
OFFSITE MONITORING PROBE COMPLETION DETAILS 

! • 

PROBE DATE 
COMPLETED 

INSTAI.I.Er 
BY 

1 INSTALLED 
FOR 

DEPTH TO 
SCRN TOP 

DEPTH TO 
SCRN BOT 

LENGTH OF 
SCREEN 

A-S 03/15/85 GA CITY 13.5 14.0 0.5 
A-D 
Al-S 
Al-M 
Al-D 
B-S 
B-M 
B-D 
C-S 
C-M 
C-D 
D-S 
D-M 
D-D 
-E-S 
E-M 
E-D 
H-S 
H-M 
H-D 
I-S 
I-M 
I-D 
J-S 
J-M 
J-D 
K-S 
K-M 
K-D 
L-S 
L-M ' 
L-D 
M-S 
M-M 
M-D 
N-S 
N-M 
N-D 
0-S 
0-M 
0-D 
P-S 
P-M 
P-D 
Q-S 
Q-M 

03/15/85 
03/21/85 
03/21/85 
03/21/85 
03/14/85 
03/14/85 
03/14/85 
03/22/85 
03/22/85 
03/22/85 
03/18/85 
03/18/85 
03/18/85 
03/20/85 
03/20/85 
03/20/85 
03/01/85 
03/01/85 
03/01/85 
03/02/85 
03/02/85 
03/02/85 
03/04/85 
03/04/85 
03/04/85 
03/11/85 
03/11/85 
03/11/85 
06/27/85 
06/27/85 
06/27/85 
07/01/85 
07/01/85 
07/01/85 
03/21/85 
03/21/85 
03/21/85 
04/17/85 
04/17/85 
04/17/85 
03/26/85 
03/26/85 
03/26/85 
09/02/86 
09/02/86 

GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA. 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 

TERRA 
TERRA 

CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 

58.4 
13.5 
37.4 
58.5 
12.5 
32.5 
57.5 
24.0 
40.5 
56.0 
13.5 
43.5 
74.0 
13.5 
41.5 
67.4 
9.5 
33.5 
65.5 
11.4 
40.5 
69.5 
12.0 
43.8 
72.5 
12.2 
49.2 
79.8 
12.7 
53.7 
96.0 
12.7 
62.9 
102.1 
12.5 
50.5 
86.5 
12.2 
39.2 
73.3 
12.5 
28.5 
46.5 
10.0 
35.0 

59.0 
14.0 
38.0 
59.0 
13.0 
33.0 
58.0 
24.5 
41.0 
56.5 
14.0 
44.0 
74.5 
14.0 
42.0 
68.0 
10.0 
34.0 
66.0 
12.0 
41.0 
70.0 
12.5 
44.5 
73.0 
13.0 
50.0 
80.5 
14.0 
55.0 
97.5 
14.5 
64.5 
103.5 
13.0 
51.0 
87.0 
13.0 
40.0 
74.0 
13.0 
29.0 
47.0 
30.0 
85.0 

0.6 
0.5 
0.6 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.6 
0.5 
0.5 
0.5 
0.6 
0.5 
0.5 
0.5 
0.7 
0,5 
0.8 
0.8 
0.7 
1.3 
1.3 
1.5 
1.8 
1.6 
1.4 
0.5 
0.5 
0.5 
0.8 
0.8 
0.7 
0.5 
0.5 
0.5 
20.0 
50.0 
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TABLE 5-6 
OFFSITE MONITORING PROBE COMPLETION DETAILS (CONT.) 

PROBE DATE 
COMPLETED 

INSTALLED 
BY 

INSTALLED 
FOR 

DEPTH TO 
SCRN TOP 

DEPTH TO 
SCRN BOT 

LENGTH OF 
SCREEN 

Q-D 09/02/86 TERRA CITY 100.0 197.0 97.0 
R-S 
R-M 
S-S 
S-M 
S-D 
T-S 
T-M 
U-S 
U-M 
U-D 
V-S 
V-M 
V-D 
W-S 
W-M 
X-S 
X-M 
X-D 
Yl-S 
Yl-M 
Yl-I 
Yl-D 
Y2-S 
Y2-M 
Y2-I 
Y2-D 
Z-S 
Z-M 
Z-D 
01-M 
02-S 
02-M 
02-D 
03-M 
04-M 
05-S 
06-S 
07-S 
08-S 
09-S 
10-S 
11-S 
12-S 
13-S 
13-M 

09/05/86 
09/05/86 
08/28/86 
08/28/86 
08/28/86 
09/22/86 
09/22/86 
09/17/86 
09/17/86 
09/17/86 
09/19/86 
09/19/86 
09/19/86 
09/27/86 
09/27/86 
09/29/86 
09/29/86 
09/29/86 
11/11/86 
11/11/86 
11/11/86 
11/11/86 
11/19/86 
11/19/86 
11/19/86 
11/19/86 
12/19/86 
12/19/86 
12/19/86 
09/25/85 
11/07/85 
06/05/86 
06/03/86 
09/27/85 
09/30/85 
12/12/85 
11/08/85 
11/08/85 
11/08/85 
11/12/85 
11/12/85 
11/11/85 
11/11/85 
11/11/85 
06/10/86 

TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 

HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 

CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 

8.0 
40.0 
9.0 
30.0 
70.0 
10.0 
33.0 
6.0 
20.0 
60.0 
7.0 
18.0 
40.0 
10.0 
30.0 
8.0 
34.0 
88.0 
10.0 
44.0 
58.0 
98.0 
13.0 
49.0 
87.0 
118.0 
7,0 
25,0 
45.0 
19.0 
5.8 
27.7 
67.9 
27,0 
25,0 
6.4 
6.1 
5.0 
6.0 
8.8 
5.5 
5,8 
5.7 
6.0 
44.3 

30,0 
100,0 
19,0 
51,0 
80,0 
22,0 
63,0 
17,0 
55,0 
99,0 
15.0 
36.0 
84,0 
20,0 
102,0 
27,0 
75,0 
121.0 
20.0 
54.0 
68.0 
147.0 
37.0 
75.0 
107.0 
147.0 
17.0 
35,0 
137.0 
48.5? 
10.8 
49,3 
-100-̂  
•5^1 

tsM 
fi^4 

M^ 
iBu8 
n^ 
¥i>v.8 
.10v7 

iS3^l:> 
68',-Si 

22.0 
60.0 
10.0 
21.0 
10.0 
12.0 
30.0 
11.0 
35.0 
39.0 
8.0 
18.0 
44.0 
10.0 
72.0 
19.0 
41.0 
33.0 
10.0 
10.0 
10.0 
49.0 
24.0 
26.0 
20.0 
29.0 
10.0 
10.0 
92.0 
29.5 
5.0 
21.6 
32.8 
24.5 
34.0 
5.0 
5.0 
5,0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
14.5 
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TABLE 5-6 
OFFSITE MONITORING PROBE COMPLETION DETAILS (CONT.) 

PROBE DATE INSTALLED INSTALLED DEPTH TO DEPTH TO LENGTH OF 
COMPLETED B7 FOR SCRN TOP SCRN BOT SCREEN 

XkkkkkXXXkXXXXXXXXXXXXXXXXXkXXXXXXXkXXXkkkkkkXkkXkXkkkkkkkkkkkkitkXXXXkkkkkk 

14-S 11/06/85 HC DOE 6.4 M a ^ 5.0 
15-S 11/07/85 HC DOE 5.0 iOiS 5,5 
16-S 11/15/85 HC DOE 6,0 im(y 5.0 
17-S 11/14/85 HC DOE 3.0 5̂;̂^̂  2.2 

xl8-S 11/13/85 HC DOE 5.8 lOiS-- 5.0 
19-S 11/13/85 HC DOE 5.4 ^SM- 10.4 
20-S 11/14/85 HC DOE 6.2 41.i.2 5.0 
21-S 11/14/85 HC DOE 6.1 XUV 5.0 

x22-S 12/11/85 HC DOE 6.1 li^l 5.0 
23-M 11/05/85 HC DOE 23.5 SZ.5 34.0 
25-S 11/11/85 HC DOE 6.0 LL.O 5.0 

^ 2 6 - S 11/15/85 HC DOE 6.1 U..1 5.0 
y''27-S 11/13/85 HC DOE 5.9 -IOT^' 5.0 

28-S 11/13/85 HC DOE 5,7 10..;Z 5,0 
-29-S 12/12/85 HC DOE 3.6 .6.4 2.8 

,,̂  30-S 11/18/85 HC DOE 8,5 ,lSi-5-̂  5,0 
31-S 11/19/85 HC DOE 5.5 40.5^' 5.0 
32-S 11/18/85 HC DOE 3.4 7*4-' 4.0 

/33-S 11/18/85 HC DOE 3.3 J.Z 4.0 
34-S 11/15/85 HC DOE 4.5 9j^j 5.0 
35-S 11/19/85 HC DOE 6.0 11;̂ 0 5.0 
36-S 11/20/85 HC DOE 6.0 11.0 5.0 
37-S 02/13/86 HC DOE 4.3 7.8 3.5 
37-M 02/13/86 HC DOE 30.0 40.0 10.0 
37-D 02/13/86 HC DOE 58.0 88.0 30.0 
38-S 11/20/85 HC DOE 6.0 11.0 5.0 
39-S 12/10/85 HC DOE 6.2 lhr2 5.0 
40-S 12/05/85 HC DOE 6.1 11.4 5.0 
41-S 12/04/85 HC DOE 9.9 14.9 5.0 
42-S 12/04/85 HC DOE 6.4 11.4' 5.0 
43-S 11/26/85 HC DOE 6.3 11.3 5,0 
44-S 11/25/85 HC DOE 6.3 11,-3 5.0 
44-M 11/25/85 HC DOE 20.0 40.0 20.0 
44-D 11/25/85 HC DOE 72.0 .101.0 29.0 
45-S 11/26/85 HC DOE 6.1 11.1 5.0 
45-M 11/26/85 HC DOE 20.0 40.0 20.0 
45-D 11/26/85 HC DOE 27.5 .92.5 65.0 
46-S 11/26/85 HC DOE 6.4 11.4. 5.0 
47-S 11/27/85 HC DOE 6.1 11..1 5.0 
48-S 12/02/85 HC DOE 6.3 11.3 5.0 
49-S 12/02/85 HC DOE 6.2 11.2 5.0 
50-S 01/11/86 HC DOE 6.3 11.3 5.0 
50-M 01/11/86 HC DOE 20.0 40.0 20.0 
50-D 01/11/86 HC DOE 70.3 100.3 30.0 
51-S 12/03/85 HC DOE 6.1 11.1 5.0 
52-S 12/03/85 HC DOE 6.3 11.-3 5.0 
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TABLE 5-6 
OFFSITE MONITORING PROBE COMPLETION DETAILS (CONT.) 

PROBE DATE INSTALLED INSTALLED 
COMPLETED BY FOR 

DEPTH TO DEPTH TO LENGTH OF 
SCRN TOP SCRN BOT SCREEN 

AJlAAAAAAAJlAAA*A**A*A*A*ilAAAAJlAAAAAAA*AAAAAAAAAAA********A****AAAA***AA*AAJt* 

53-S 
54-S 
55-S 
56-S 
57-S 
58-S 
59-S 
59-M 
59-D 
60-S 
61-S 
62-S 
63-S 
64-S 
65-S 
66-S 
67-S 
68-S 
69-S 
70-S 
71-S 
72-S 
73-S 
74-S 
75-S 
76-S 
76-M 
76-D 
77-S 
78-S 
79-S 
79-M 
79-D 
80-M 
80-D 
81-M 
81-D 
82-S 
82-M 
82-D 
83-M 
84-S 
84-M 
84-D 
85-M 
85-D 

12/03/85 
12/03/85 
12/09/85 
12/09/85 
12/04/85 
12/04/85 
12/04/85 
01/14/86 
01/14/86 
12/06/85 
12/11/85 
11/19/85 
12/12/85 
12/13/85 
11/07/85 
12/06/85 
11/08/85 
11/15/85 
12/13/85 
11/25/85 
11/25/85 
12/09/85 
11/27/85 
12/10/85 
12/17/85 
01/16/86 
01/16/86 
01/16/86 
12/16/85 
12/16/85 
01/30/86 
01/30/86 
01/30/86 
02/07/86 
02/07/86 
01/24/86 
01/24/86 
02/05/86 
02/05/86 
02/05/86 
02/24/86 
06/30/86 
06/30/86 
06/30/86 
07/02/86 
07/02/86 

HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 

DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 

6.0 
6,0 
6.1 
6.2 
6.3 
6.2 
6.0 
20,0 
67.5 
6,2 
6.3 
5,6 
5.3 
6.3 
5.4 
6.3 
5,8 
5.9 
6.3 
6.0 
6.0 
6,4 
6,2 
6.1 
6.1 
6.3 
20.0 
70.5 
6.0 
6.4 
6.0 
36,0 
67.5 
10.0 
68.0 
30.0 
64.0 
8.5 
20.0 
78.0 
15.5 
9.0 
43.9 
80.7 
44.0 
78.4 

ir.o 
11.0 
11.1 
11,2-
11,3 
ll...?.. 
a"i,oJ 
^^6 
99,5 
11'. 2 
M-, 3 
10.6 
10.3 
11.3 
10.4 
11.3 
10.8 
10.9 
11.3. 
11.0"'-
11.0 
11.4 
11,2 
11 ,1 
11.1 
11.3 
40,0 
100,5: 
11.0 
11.4 
8.0 
51,0 
100.0 
22.5 
98.0 
48.5 
79.0 
13.5 
49.0 
93,0 
35,5 
17.0 
63.1 
100.0 
63.9 
98.6 

5.0 
5.0 
5.0 
5.0 
5.0 
5,0 
5,0 
20.0 
32.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5,0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
20.0 
30.0 
5.0 
5,0 
2,0 
15,0 
32,5 
12.5 
30,0 
18.5 
15.0 
5.0 
29.0 
15.0 
20.0 
8.0 
19.2 
19.3 
19.9 
21.2 

•I 

70 



Sheet 5 of 6 

TABLE 5-6 
OFFSITE MONITORING PROBE COMPLETION DETAILS (CONT.) 

! • 

PROBE DATE 
COMPLETED 

mSTALLRr 
BY 

INSTALLED 
FOR 

DEPTH TO 
SCRN TOP 

DEPTH TO 
SCRN BOT 

LENGTH OF 
SCREEN 

X X X X A A X X ^ A X T C A A M K X X K ^ ^ K K X ^ X A . X X X K ^ ^ X X K K - X ' X X ' X T C I C - X T C X K - X T C X ^ - X X X J C X X X X X X X X X X X X ' X X X X X X X X ' X 

86-S 06/15/86 HC DOE 7.7 15.4 7.7 
86-M 
87-S 
87-M 
87-D 
88-S 
88-M 
88-D 
89-S 
89-M 
90-M 
91-S 
91-M 
92-S 
92-M 
AA-S 
AA-M 
AA-D 
AB-S 
AB-M 
AB-D 
AC-S 
AC-M 
AC-D 
AD-S 
AD-D 
AE-S 
AE-M 
AF-S 
AF-M 
AF-D 
AG-S 
AG-M 
AH-S 
AH-M 
AH-D 
AI-S 
AI-M 
AI-D 
AJ-S 
AJ-M 
AJ-I 
AJ-D 
AJ-W 
AK-S 
AK-M 

06/15/86 
06/20/86 
06/20/86 
06/20/86 
06/13/86 
06/13/86 
06/13/86 
06/23/86 
06/23/86 
06/27/86 
07/09/86 
07/09/86 
07/11/86 
07/11/86 
01/08/87 
01/08/87 
01/08/87 
01/16/87 
01/16/87 
01/16/87 
01/26/87 
01/26/87 
01/26/87 
02/13/87 
02/13/87 
03/05/87 
03/15/87 
03/02/87 
03/02/87 
03/02/87 
03/12/87 
03/12/87 
03/26/87 
03/26/87 
03/26/87 
06/09/87 
06/09/87 
06/09/87 
06/15/87 
06/15/87 
06/15/87 
06/15/87 
06/15/87 
06/25/87 
06/25/87 

HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 

TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 

DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 

54.1 
8.1 
25.6 
68.9 
5.4 
19.9 
53.8 
10,4 
25.3 
52.5 
9.5 
30.6 
10.2 
29.5 
8.0 
49.0 
77.0 
7.0 
30.0 
50.0 
9.0 
35.0 
60.0 
9.0 
35,0 
7.0 
31.0 
8.0 
35.0 
95.0 
6.0 
33.0 
10.0 
28.0 
75.0 
26.0 
47.5 
93.0 
24.0 
46.0 
85.0 
117.5 
183.0 
23.0 
52.0 

63,7 
13,2 
44,3 
93.4 
10.4 
34.8 
69.3 
15.7 
45,0 
57,8 
19,2 
50,0 
19,9 
49.2-
38.0 
69.0 
99.0 
28.0 
34.0 
60.0 
28.0 
50.0 
75.0 
28.0 
100.0 
26.0 
49.0 
27.0 
75.0 
150.0 
26.0 
50.0 
23.0 
67.0 
105.0 
37.0 
82.5 
118.0 
34.0 
76.0 
110.0 
142.5 
203.0 
43.0 
92.0 

9.6 
5.1 
18.7 
24.5 
5.0 
14.9 
15.5 
5.7 
19.7 
5.3 
9.7 
19.4 -
9.7 
19.7 
30,0 
20,0 
22,0 
21.0 
4.0 
10.0 
19.0 
15.0 
15.0 
19.0 
65.0 
19.0 
18.0 
19.0 
40.0 
55.0 
20.0 
17.0 
13.0 
39.0 
30.0 
11.0 
35.0 
25.0 
10.0 
30.0 
25.0 
25.0 
20.0 
20.0 
40.0 
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TABLE 5-6 
OFFSITE MONITORING PROBE COMPLETION DETAILS (CONT.) 

PROBE DATE 
COMPLETED 

INSTALLED 
BY 

INSTALLED 
FOR 

DEPTH TO 
SCRN TOP 

DEPTH TO 
SCRN BOT 

LENGTH OF 
SCREEN 

* * * A A A * I C A A A A A A A A « A A A A A A A A A A A A A A a t » t J » X J t a m > t » m t a t » m t J t K » a t a t A A A A * A A A A A A A A A A A » t » t » » t a m a m 

AK-I 0 6 / 2 5 / 8 7 PMX CITY 101 .0 136 .0 3 5 . 0 
AK-D 
AK-W 
AL-S 
AL-M 
AL-I 
AL-D 
AL-W 
AM-S 
AM-M 
AM-D 
AN-S 
AN-M 
AN-I 
AN-W 
AO-S 
AO-M 
AO-W 
AP-S 
AP-M 
AP-I 
AP-W 
AQ-S 
AQ-M 
AQ-I 
AQ-D 
AR-S 
AR-M 
AR-I 
AR-D 
AS-S 
AT-S 
AU-S 
AV-S 
AV-M 
AV-D 
AV-W 

06/25/87 
06/25/87 
07/01/87 
07/01/87 
07/01/87 
07/01/87 
07/01/87 
08/04/87 
08/04/87 
08/04/87 
09/14/87 
09/14/87 
09/14/87 
09/14/87 
09/23/87 
09/23/87 
09/23/87 
09/24/87 
09/24/87 
09/24/87 
09/24/87 
09/14/87 
09/14/87 
09/14/87 
09/14/87 
09/21/87 
09/21/87 
09/21/87 
09/21/87 
09/01/87 
09/03/87 
09/03/87 
09/29/87 
09/27/87 
09/27/87 
09/27/87 

PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 

CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 

152.0 
206.0 
23.0 
53.0 
96.0 
144.0 
188.0 
25.0 
52.5 
83.0 
6.0 
22.0 
37.0 
75.0 
5.0 
21.0 
73.0 
5.0 
30.0 
58.0 
97,0 
6,0 
23,0 
57.0 
74.0 
5.0 
20.0 
61.0 
73.0 
2.0 
2.0 
2.0 
21.0 
52.0 
95.0 
135.0 

192.0 
239.0 
43.0 
82.0 
136.0 
179.0 
233.0 
40.0 
72.5 
118.0 
21.0 
32,0 
42,0 
85.0 
20.0 
51.0 
98.0 
20.0 
50.0 
88.0 
112.0 
19.0 
48,0 
67.0 
89.0 
20.0 
45,0 
66,0 
93,0 
7.0 
6.0 
6.0 
45.0 
82.0 
125.0 
150. 0 

40.0 
33,0 
20.0 
29.0 
40.0 
35.0 
45.0 
15.0 
20.0 
35.0 
15.0 
10.0 
5.0 
10.0 
15.0 
30.0 
25.0 
15,0 
20,0 
30,0 
15.0 
13.0 
25.0 
10.0 
15.0 
15.0 
25.0 
5.0 
20.0 
5.0 
4 .0 
4 .0 
24.0 
30.0 
30,0 
15,0 
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Figure 5-17 
Pressure Gradient Isopleth 
Offsite Controi Well at 
-5.5 " Water Column 



direction of the control well, perpendicular to the pressure gradient lines. 
Figure 5-18 shows this same area of the landfill after the control well has 
been turned down, with approximately the same vacuum induced along the perim
eter of the landfill, but only -1.0 inches WC at the control well. Note that 
the pressure gradient lines now Indicate a flow path toward the landfill. 

As seen in Figure 5-14, July 1987 gas concentrations in the deep soil zones 
east and south of the landfill were reduced from the levels recorded in 
September 1986. However, this reduction is proving to be a slow process. 

5.4 Identification of Potential Gas Migration Pathways 

5.4.1 Utility Corridors 

Figure F-1 in Appendix F is a map showing the underground utility lines in 
the Midway Landfill vicinity, based on information obtained from the major 
utilities listed in Section 4.4.1. The map Includes the complete information 
obtained from the utilities on underground lines and pipes, but does not show 
hookups to individual households. 

The most recent shallow gas isopleths (Figure 5-15) Indicate that significant 
methane concentrations remain in only three offsite areas in the shallow soil 
zone. These areas appear to be Isolated from the landfill. A comparison of 
the areas of high methane concentrations with the utility conduits shown in 
Figfure F.l of Appendix F does not suggest that utility conduits are trans
mitting methane from the landfill. It is felt that the shallow gas detected 
in probe "AE," southeast of the site, is from a nearby peat bog. The shallow 
gas detected in probe 2, north of the site, appears to be from peat or other 
deposits burled nearby. _The shallow gas in probe "AC," southwest of the 
site, is from an unknown source. However, because this gas is only detected 
in the shallow zone, while no shallow gas has been detected between the 
landfill and this probe, this gas is not believed to be from the landfill. 
Additional monitoring, testing, and evaluation of these areas will continue. 
No significant gas has been reported in structures, vaults, or utilities for 
several months. 

5.4.2 Geologic Pathways 

The investigation of geologic pathways for gas migration considered physical 
factors affecting the movement of gas as well as subsurface stratigraphy emd 
known concentrations of offsite gas. 

5.4.2.1 Physical Factors Influencing Gas Movement 

After refuse has been in place one to two years, it begins to generate 
methane gas. For a particular deposit of refuse, the gas generation rate 
peaks two to five years after burial, depending on moisture content and air 
exclusion. After peaking, the rate for a particular deposit slowly decreases 
with time. In ten years, more than half of the total gas will usually have 
been generated. Generation at continually decreasing rates can extend thirty 
years and more. 
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Pressure Gradient Isopleth 
Offsite Control Well at 
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The Midway Landfill is a combination of a large number of particular deposits 
begun in 1965 and ended in 1983. Based on experience with other landfills, 
we can say that the landfill gas generation probably began in 1966 or 1967, 
increased as additional refuse was deposited, and peaked in about 1987. 

As the landfill generates gas, a small positive pressure is created, pushing 
the gas away from the origin of generation. The gas will move fastest 
through paths of least resistance, which Include porous portions of the solid 
waste, porous cover material, utility conduits, and layers of more permeable 
soil stratigraphy around the site. 

Barometric pressure fluctuations, together with the gas generation pressure, 
produce complex gas migration dynamics. The low gas generation pressures in 
the landfill initially move the gas away from the points of origin through 
the paths of least resistance. The generation pressures are in the range of 
two Inches of water column. Atmospheric pressure is measured with a baro
meter as Inches of mercury. One inch of mercury equals 13.5 Inches of water 
column. Changes in atmospheric pressure of -0.7 Inches of mercury or -9.5 
inches of water column are common during the winter months as high pressure 
ridges give way to low pressures during storms. This can create a relatively 
strong pressure differential between the air or gas within the soil or 
landfill, and the air at the ground surface. The air or gas within the soil 
or the landfill tends to flow toward the ground surface through the paths of 
least resistance in response to this pressure differential. This is referred 
to as the expcmsion phase during a falling barometer. 

During rising atmospheric pressures, similar gas and/or air movements take 
place, but in reverse directions. Air from the ground surface tends to move 
down into the soil both vertically and horizontally through the under-
saturated aquifers. However, this reverse movement is not sufficient to draw 
back all the gas that has diffused through the soil pores during the expan
sion phase. 

The combined effect of the generation pressures and the repeated expansion 
phases during falling barometers results in a pumping action within the 
soils, which, over time, could have moved the gas up to 2600 feet horizontal
ly from the landfill (its maximum observed extent). 

Operation of the active gas migration control system has created a vacuum in 
and around the landfill, eliminating the gas generation pressure, and moving 
the gas slowly back toward the landfill. However, falling barometric 
conditions could still cause gas to vent to ground surface, if there are 
areas beyond the influence of the migration control system vacuum where gas 
in significant concentrations remains in the ground. 

5.4.2.2 Undersaturated Zones in Aquifers 

Four major aquifers underlie the Midway Landfill and its vicinity, named by 
AGI (Appendix A, Groundwater Technical Report) the upper gravel aquifer, the 
sand aquifer, and the northern and southern gravel aquifers. The upper 
gravel aquifer is made up of glacial outwash gravels; the sand aquifer 
consists of saturated sand and finer-grained sediments possibly deposited in 
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a lake environment; and the northern and southern gravel aquifers are 
nonglacial gravel beds. 

The distribution of undersaturated zones (through which gas can potentially 
travel) in the study area is not uniform. In large portions of the upper 
gravel aquifer, the potentlometrlc head varies from the roof to the base of 
the aquifer. In some locations, the upper gravel aquifer is undersaturated 
for its entire thickness. In contrast, the potentlometrlc surface of the 
sand aquifer is usually above the roof of the aquifer; thus, the aquifer is 
said to be under pressure as well as saturated. The sand aquifer has only a 
few isolated undersaturated zones that may transport or contain gas. 

In the upper gravel aquifer, undersaturated zones exist to the north, east 
and south of the landfill. The gravel pit into which the landfill was 
developed cuts through an undersaturated zone in the upper gravel aquifer. 
This creates a path of direct access to the upper gravel aquifer. There is a 
good potential for gas to migrate from the landfill into the upper gravel 
aquifer, and from the aquifer back to the landfill. 

It would appear that the undersaturated portions of the upper gravel aquifer 
formed the major gas migration pathway to the east and southeast of the 
landfill, allowing gas to migrate up to 2600 feet from the landfill. This 
affected area extends from 1-5 to the east of Military Road. The gas could 
have been drawn to the ground surface by the pumping action of barometric 
changes, contributing to the gas in shallow soils near Military Road. The 
undersaturated portion of the upper gravel aquifer does not extend southeast 
to Probe AE. 

The undersaturated portion of the upper gravel aquifer also could have been 
the major gas migration pathway to the south of the landfill, allowing gas to 
migrate up to 2000 feet from the landfill. However, the upper gravel 
aquitard appears to have been Impermeable enough to limit gas movement to the 
ground surface. The affected area extends from the landfill to S. 259th PI. 
between 29th Avenue S. and 1-5. The undersaturated portion of the upper 
gravel aquifer does not extend to Probe AC southwest of the landfill, east of 
Highway 99 at about S.257th St. 

/The undersaturated portion of the upper gravel aquifer also appears to be a 
gas migration pathway for a short distance west of the landfill, but here 
again the upper gravel aquitard appears to have been Impermeable enough to 
limit gas movement to the ground surface. The area affected was from the 
landfill to Highway 99, between S. 249th St. and S. 252nd St. The under-
saturated portion of the upper gravel aquifer does not appear to extend to 
Probes 10 and 17 west of the landfill. 

' And finally, the undersaturated portion of the upper gravel aquifer could 
have been a gas migration pathway for a limited distance northwest of the 
landfill. The upper gravel aquitard and an overlying perched water table 
appear to have limited gas movement to the ground surface. The area affected 
was from the lerndfill north to about S. 244th St., between Highway 99 and 
30th Avenue S. extended. The undersaturated portion of the upper gravel 
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aquifer does not appear to extend to Probe 2, just south of the Midway Drive-
in Theater. 

The undersaturated portions of the upper gravel aquifer east of the landfill 
and the near-surface sand and gravel layer west of the landfill both probably 
contributed directly to gas migration away from the landfill and surface 
venting of gas into structures. Affected areas east of the landfill between 
34th Ave S. and Military Road and west of the landfill between the landfill 
and Highway 99 appear on Figure G-14 of Appendix G. The near-surface sand 
and gravel layer does not extend to the Parkside wetland and Probes 10 and 
17. 

The technical memorandum describing the geologic pathway investigation is 
Included as Appendix G of this report. 
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6.0 CONCLUSIONS 

Based on the results of offsite probe monitoring data discussed in Appendix B 
of this report and the geologic pathways evaluated in Appendix G, confidence 
is high that the gas bearing strata that allowed the extensive offsite 
landfill gas migration at the Midway Landfill have been identified and 
intercepted. Offsite migration of gas appears to have been eliminated since 
the installation and continued operation of the onsite migration control 
system began in early 1986. Areas of concern at this time are to the east 
and southeast, where large reservoirs of migrated landfill gas have accumu
lated, and removal is continuing. 

The gas characterization study. Appendix E of this report, found that offsite 
migration of at least some of the contaminants consistently Identified in 
landfill gas has occurred, possibly in all directions away from the landfill. 
The basis for this conclusion is the presence of the "BTX" group compounds in 
gases found onsite and offsite. However, offsite concentrations of most BTX 
group compounds were attenuated by more than 98 percent. Furthermore, no BTX 
compounds were found beyond 2300 feet from the landfill perimeter. Because 
BTX-group compounds are also present in gas from other sources, their 
presence in a particular sample of offsite gas is not conclusive evidence 
that the gas originated from the landfill; it is only further evidence that 
the gas may have originated in the landfill. 

Installation of a final cover may not completely solve the air intrusion and 
subsequent aerobic decomposition problem. Because of the vacuum induced by 
the migration control wells, the permeable gravel surrounding the site could 
possibly allow enough air to be drawn from offsite, even after the final 
cover is placed, to overstimulate aerobic decomposition and raise tempera
tures to the danger point. Careful monitoring and adjustment of all migra
tion control wells will continue to be needed for the life of the system. 
Monitoring will be needed for at least 20 years, but will decrease in 
frequency with time. The data will be evaluated, and if any system weak
nesses are indicated, wells can be added. 

6.1 Effect of Operation of Onsite and Offsite Systems 

6.1.1 Onsite Migration Control System 

The current onsite migration control system is doing an effective job in 
eliminating offsite landfill gas migration. The addition of the final cover 
will allow for Increased flows from both in-waste wells and in-soil wells, 
which should help to decrease the concentrations of methane gas that have 
accumulated offsite over time. In the future, if weaknesses in the system 
are found through data evaluation, it may be necessary to install additional 
wells to Increase confidence in the system's ability to control migration. 

The completion of the final cover onsite and the rerouting of surface water 
runoff that is now discharged into the landfill from Interstate 5 and areas 
east will eliminate most of the variable water within the landfill. This 
will Improve the efficiency of certain extraction wells. 
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6.1.2 Offsite Control Wells 

The offsite control wells installed in the vicinity of the Midway Landfill 
have proven successful in protecting nearby structures from the seepage of 
migrated landfill gas. The larger offsite control wells have also been 
successful in reducing the concentrations of methane gas that has migrated 
from the landfill to form large reservoirs offsite. 

As a result, many offsite control wells have been shut down after extremely 
low methane concentrations were recorded in nearby monitoring probes over a 
period of several months. Because of the influence of the onsite migration 
control system, it is not expected that landfill gas will return to these 
areas. However, the probes will continue to be monitored and the control 
wells will be restarted if any significant rise in methane levels is detec
ted. 

6.2 Intermediate Remedial Measures 

0 Continue the operation of the onsite migration control system. 

o Continue the offsite probe monitoring program. Review the monitor
ing procedures to prevent recording falsely high methane concentra
tions from the top of the gas column. 

o Continue the operation of the offsite control wells until the gas 
concentrations fall within the levels set by the program. Adjust 
extraction rates to prevent pulling gas from the landfill. 

o Construct the final cover on the site. 

o Reroute the surface water runoff from Interstate 5 and areas east 
that now discharge into the landfill. 

0 Continue to evaluate the area of shallow soil gas concentration to 
the north of the site near Probe 2. Perform test borings to check 
for the presence of buried peat or refuse. Check old photographs 
for evidence of either. 

o Continue to evaluate the area of shallow soil gas concentrations to 
the west of the site near probes 10 and 17. Monitor the shallow 
probes in the nearby peat deposit. Check for H2S in all of these 
probes. 

o Continue to evaluate the area of shallow soil gas concentration to 
the southeast of the site near Probe AE. Monitor the shallow 
probes in the nearby peat deposit. Check for H2S in Probe AE, C-13 
and AF. 

o Continue to evaluate the area of shallow soil gas concentration to 
the southwest of the site near Probe AC. Review old aerial 
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photographs for evidence of peat deposits. Compare H2S and CO2 
values in Probes AC, 37 and V. 

o Continue the Special Gas Characterization Studies reported in draft 
form in Appendix H of this report to further differentiate between 
landfill gas and gas from other sources. 

o Compare methane-to-carbon dioxide ratios in gas in Probes AJ, M and 
MW 23 to the east of the site for indications of the length of time 
the gas has been away from the site. The higher the ratio, the 
longer the time away from the site; thus, given the Induced vacuum 
onsite, a high concentration of methane may Indicate that this gas 
is being pulled back to the site. 

Make the same comparison for Probes J, 37, 87, AF, 85, 
15, MW24, and 81; and control wells C-12 and C-7. 

o Probes AB, AH, and 78 may be included as part of the investigation 
of the areas around the listed probes. 

0 Install a new deep probe approximately 300 feet south of the site 
on the west side of Interstate 5. 

o Monitor the rate of reduction of methane concentrations in Probe 
AF, then consider the results from the methane-to-carbon dioxide 
ratio comparison above. If there is a slowing of the present trend 
of reductions, consider the installation of an offsite control well 
in that vicinity. 

o Monitor the average pressures in all offsite deep probes within 700 
feet of the landfill. The averages should be a pressure gradient 
with increasing vacuum strength closer to the landfill. Probes 
that do not exhibit vacuums or show a reverse pressure gradient may 
indicate weaknesses in the onsite migration control system. The 
onsite migration control wells near such probes should be evalu
ated; if vacuum and flow cannot be increased, consider installing 
additional wells. A reverse pressure gradient may Indicate too 
strong a vacuum in an offsite control well. Consider decreasing 
the vacuum in that control well. 

0 Within the three areas offsite where probes consistently indicate 
that shallow gas concentrations are above the lower explosive 
limit, utility conduits and vaults should be monitored periodical
ly. Limited monitoring of structures in those areas also should be 
considered, depending on concentrations. 

o If outlying pockets of gas that are not being pulled back to the 
landfill are determined to be landfill gas, the installation of 
additional offsite control wells should be considered. This 
consideration should also be addressed if the origin of the gas is 
indeterminate. 
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If these pockets of gas are found to be generated offsite in peat
bogs or other burled refuse, action should be considered to either 
remove the decomposing material or Install control wells to control 
the gas being produced. This IRM would not be the responsibility 
of the City. The Seattle-King County Health Department should be 
notified emd assume responsibility for the appropriate action. 

•I 

City of Seattle - Midway LF RI 82 March 1988 





UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 10 

1200 SIXTH AVENUE 
SEATTLE, WA 98101 

TARGET SHEET 

The following document was not imaged. 
This is due to the Original being: 

X Oversized 

CD Rom 

Computer Disk 

Video Tape 

Other: 

**A copy ofthe document may be requested from the Superfund Records Center. 

*Document Information* 

Document ID #: 1007186 

File #: •̂'̂  

Site Name: ^WLAR 

Oversized Map/Drawing 



:l:JJ.l^;'i?i.'-i^=iSI"^S^lBSM?V^ '^^!C5i.^^M:SiAAA^'mMMSi 



TECHNICAL MEMORANDUM 

FOR 

THE MIDVAT LANDFILL RI 

OFFSITE GAS PROBE INSTALLATION AND MONITORING 

! • 

Prepared for: 

SEATTLE ENGINEERING DEPARTMENT 
SOLID WASTE UTILITY 

Prepared by: 

PARAMETRIX, INC. 
13020 Northup Way, Suite 8 

Bellevue, WA 98005 

March 24, 1988 
PMX #55-1550-11 (Task 2.5.2) 



Tech. Memo 
Task 2.5.2 

TABLE OF CONTENTS 

Page 

1.0 INTRODUCTION 1 

2.0 EXISTING CONDITIONS 2 

2.1 Landfill Conditions 2 
2.2 Existing Probe Locations 2 

2.3 Gas Extent at Start 3 

3.0 OBJECTIVES 7 

3.1 Install Off-Site Gas Probes 7 
3.2 Monitor Levels of CH4, 02, C02, and Static Pressure 7 
3.3 Plot Data as Isopleths 7 
3.4 Assess Changes in Methane Levels 8 

4.0 METHODOLOGY 9 

4.1 Gas Probe Design, Drilling, Sampling and Logging 9 
4.2 Monitoring Equipment 16 
4.3 Monitoring Procedure 16 
4.4 Schedule of Measurements 17 

5.0 RESULTS 19 

5.1 Probe Logs and Subsurface Conditions 19 
5.2 Gas Concentration Isopleths 19 
5.3 Changes Over Time 36 

6.0 CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . .37 

REFERENCES 38 

APPENDIX B-1: WELL LOGS FOR GAS PROBES INSTALLED 
FOR REMEDIAL INVESTIGATION 

City of Seattle Midway LF RI il March 24, 1988 



Tech. Memo 
Task 2.5.2 

LIST OF TABLES 

Table Page 

B-1 Concentrations of Organic Compounds in Samples 
Collected from the Discharge to Atmosphere of 
Control Wells in the Vicinity of the Midway Landfill 4-6 

B-2 Offsite Monitoring Probe Completion Details . . . . . 24-29 

LIST OF FIGURES 

Figure Page 

B-1 Locations of Off-Site Monitoring Probes Installed 
for and subsequent to the Remedial Investigation 10 

B-2 Cross Section of a Typical Multi-Level Monitoring Probe 
Installed for the Remedial Investigation 12 

B-3 Cross Section of a Typical Single Completion 
Monitoring Probe Installed by Ecology 13 

B-4 Cross Section of a Typical Multi-Level Monitoring 
Probe Installed by Ecology 14 

B-5 Cross Section of a Multi-Level Monitoring Probe Installed 

by the City of Seattle Prior to the Remedial Investigation 15 

B-6 Shallow Gas Concentration Isopleth, February, 1986 20 

B-7 Deep Gas Concentration Isopleth, February, 1986 21 

B-8 Shallow Gas Concentration Isopleth, September 1, 1986 to 
September 15, 1986 22 

B-9 Deep Gas Concentration Isopleth, September 1, 1986 to 
September 15, 1986 23 

B-10 Shallow Gas Concentration Isopleth, 

July, 1987 31 

B-11 Deep Gas Concentration Isopleth, July, 1987 32 

City of Seattle Midway LF RI ill March 24, 1988 



Tech. Memo 
Task 2.5.2 

B-12 Shallow Gas Concentration Isopleth, December 1987 33 

B-13 Deep Gas Concentration Isopleth, December 1987 34 

B-14 Pressure Gradients, December 1987 35 

City of Seattle Midway LF RI iv March 24, 1988 



Tech. Memo 
Task 2.5.2 

! • 

1.0 INTRODUCTION 

The Midway Lemdflll site is located in em old gravel quarry and was in 
operation as a landfill between 1966 and 1983. The waste covers approximate
ly 40 acres and over is 100 feet deep in places. It is surrounded mainly by 
residential neighborhoods, with the closest homes being within 120 feet of 
the southern boundary. 

Since the landfill was closed in the fall of 1983, the City of Seattle has 
been performing extensive testing of the gas and water in the landfill. 
Samples of leachate and groundwater from groundwater monitoring wells in and 
around the landfill, and gas samples from gas probes installed prior to this 
study indicate elevated levels of organic and inorganic contaminants and a 
high potential for offsite migration. Methane has been detected in the 
basements of homes in the area. 

Methane, carbon dioxide, and small amounts of hydrogen sulfide, are gases 
which are normally generated by the decomposition of landfill waste materi
als. Midway Landfill is the originator of the majority of these gases 
detected in the surrounding areas, although numerous surface and burled peat 
bogs, other organic material, and natural gas pipelines in the area may also 
be sources of methane. There is no protective barrier between the landfill 
and the aquifer beneath, and no leachate collection system. 
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2.0 EXISTING CONDITIONS 

2.1 Landfill Conditions 

The Midway Landfill is located within the City of Kent approximately 15 miles 
south of the City of Seattle. The landfill occupies a 60-acre site located 
between Interstate 5 and Highway 99, north of 252nd Street. In January 1966, 
the City of Seattle leased the site and began using it as a landfill. The 
landfill received demolition debris from commercial haulers and wood wastes 
and yard trimmings from the City's transfer stations. Records beginning in 
1978 Indicate that some industrial wastes also were deposited with the 
approval of the ,Seat tie-King County Health Department. Information included 
in EPA's Emergency and Remedial Response Information System (ERRIS) files 
indicates that the landfill may have received industrial liquid and sludge 
wastes before 1980. It was closed in 1983, although clean soil materials 
from excavation projects are still accepted at the site to assist in final 
grading and cover. During the course of operations at the landfill, an 
estimated 3 million cubic yards of solid wastes were deposited. The waste 
covers approximately 40 acres and is over 100 feet deep in places. 

From September, 1985 through December, 1987, the City of Seattle installed a 
series of gas migration control wells around the perimeter of the site as 
interim remedial measures. These wells were connected by manifold piping to 
temporary motor blowers and flares. This system has been under continuous 
operation since shortly after Installation. Portions of this manifold/blower 
system will be replaced by permanent units as a part of final closure 
construction. 

The City of Seattle began negotiations with the site property owners in 1985 
and in March, 1986, they executed the purchase agreement to acquire the 
leasehold portion of the site. Additionally, the City of Kent, who held 
title to approximately 14 acres of property in the south central portion of 
the site, have deeded this property to the City of Seattle in exchange for a 
release from any liability associated with the site closure and/or offsite 
environmental Impacts. 

2.2 Existing Probe Locations 

The City of Seattle and the Department of Ecology had installed many offsite 
monitoring probes around the landfill prior to this study. The offsite 
monitoring probes installed by the City were numbered "A" through "X" and the 
probes Installed by Black and Veatch for the Department of Ecology were 
numbered 1 through 92. The location of these probes can be seen on Appendix 
A, Midway Landfill Vicinity Map. 

In addition to the onsite gas migration control system installed by the City 
and the offsite monitoring probes installed by the City and the Department of 
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Ecology, the City and the Department of Ecology have installed several off-
site gas extraction wells in neighborhoods around the landfill. These were 
installed as an emergency measure to prevent methane from reaching explosive 
levels in structures. The offsite extraction wells remove methane from the 
offsite reservoir of gas that has accumulated away from the landfill, and 
prevent seepage into structures within approximately four hundred feet of 
each well. Testing of air in homes and businesses, and the data from probes 
in the vicinity of the extraction wells indicate that they are successful in 
reducing methane levels. Analysis of the discharge from these wells has 
shown that no health hazards have been created by venting them to the 
atmosphere (see Table B-1 and Eaton, 1986). The location of these offsite 
gas extraction wells can be seen in Appendix A, Midway Landfill Vicinity Map. 

2.3 Gas Extent at Start 

At the beginning of this study, gas was present at shallow depths north-west 
of the site at levels of 80 percent CH4, west, south and east of the site at 
levels up to 40 percent CH4. As a result of this and other studies, the gas 
found 1300 feet west of the site is believed to be generated by a peat bog in 
that location and not a result of offsite landfill gas migration. Peat bogs 
produce methane by the same mechanisms as that of decomposing wastes. This, 
coupled with the lack of a continuous geological gas bearing zone from the 
landfill west (see Appendix G) has led to this conclusion. The full extent 
of shallow gas migration east and south of the site could not be accurately 
determined due to lack of monitoring probes in these areas south-west, north
west, east and south. 

Deep gas was present north, east, and south of the site in concentrations up 
to 90 percent CH4. The offsite gas extraction wells installed by the City 
and Department of Ecology were doing an effective job of reducing the gas 
concentrations within approximately 400 feet of each well in both shallow and 
deep zones in the neighborhoods east of the landfill. Again, accurate 
determinations of the full extent of landfill gas migration could not be made 
due to lack of deep monitoring probes to the north, east and south of the 
landfill. 
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TABLE B-1 
CONCENTRATIONS OF ORGANIC COMPOUNDS IN SAMPLES COLLECTED 

FROM THE DISCHARGE TO ATMOSPHERE OF CONTROL WELLS 
IN THE VICINITT OF THE MIDVAT LANDFILL 
ALL RESULTS REPORTED AS uL/L (ppm) 

CONTROL WELL 
COMPOUND C-l C-2 C-3 C-4 C-5 

Vinyl Chloride 
Chloroethane 
Chloromethane 
1,1-Dichloroethylene 
Methylene Chloride 
trans-1,2-Dichloro-

ethylene 
1,1-Dichloroethane, 
Chloroform 
1,1,1-Trichloroethane 
Carbon Tetrachloride 
1,2-Dichloroethane 
Trichloroethylene 
1,1,2,2-Tetrachloro

ethane 
1,1,2,2-Tetrachloro-

ethylene 
Acetone 
Carbon Disulfide 
Benzene 
Toluene 
p-Xylene 
o-Xylene/Styrene 
Ethylbenzene* 

<1.0 
<0.5 
<1.0 
0.04 
<0.005 

<0.005 
<0.005 
<0.01 
0.04 

<0 
<0.01 
<0.01 

<0.01 

0.04 
<0.5 
<0.5 
<0.i2 
<0.5 
<0.5 
<0,5 
<0.5 

<1.0 
<0.5 
<1.0 
<0.005 
0.02 

<0.005 
<0.005 
<0.01 
<0.01 

01 <0 
<0.01 
<0.01 

<0.01 

<0.01 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

1.0 
<0.5 
<1.0 
<0.005 
<1.0 

<0.005 
<0.005 
<0.01 
<0.01 

01 <0 
<0.01 
<0.01 

<0.01 

0.02 
<0.5 
<0.5 
<0.2 
<0.5 
<0,5 
<0.5 
<0.5 

<1.0 
<0.5 
<1.0 
<0.005 
<0.005 

<0.005 
<0.005 
<0.01 
0.04 

01 <0 
<0.01 
<0.01 

<0.01 

<0,01 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

<1.0 
<0.5 
<1.0 
<0.005 
0.02 

<0.005 
<0.005 
<0.01 
0.04 

01 <0 
<0.01 
<0.01 

<0.01 

0.04 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

,01 

* - Based on response for toluene 

Note: This is a complete list of all compounds analyzed. 
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TABLE B-1 (cont.) 
CONCENTRATIONS OF ORGANIC COMPOUNDS IN SAMPLES COLLECTED 

FROM THE DISCHARGE TO ATMOSPHERE OF CONTROL WELLS 
IN THE VICINITT OF THE MIDVAT LANDFILL 
ALL RESULTS REPORTED AS uL/L (ppm) 

! • 

COMPOUND 

Vinyl Chloride 
Chloroethane 
Chloromethane 
1,1-Dichloroethylene 
Methylene Chloride 
trans-1,2-Dichloro-

ethylene 
1,1-Dichloroethane 
Chloroform 
1,1,1-Trichloroethane 
Carbon Tetrachloride 
1,2-Dlchloroethane 
Trichloroethylene 
1,1,2,2-Tetrachloro

ethane 
1,1,2,2-Tetrachloro-

ethylene 
Acetone 
Carbon Disulfide 
Benzene 
Toluene 
p-Xylene 
o-Xylene/Styrene 
Ethylbenzene* 

C-6 

<1.0 
<0.5 
<1.0 
<0.005 
0.05 

<0.005 
<0.005 
<0.01 
<0.01 

<0 
<0.01 
<0.01 

<0.01 

0.02 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

CONTROL VELL 
C-7 

kXXXkkkk-k-k-

<1.0 
<0.5 
<1.0 
<0.005 
<1.0 

<0.005 
<0.005 
<0.01 
0.08 

01 <0 
<0.01 
<0.01 

<0.01 

<0.01 
<0.5 
<0.5 
<0.2 
20 
<0.5 
<0.5 
<0.5 

C-8 
k*-kie**-k**iri 

<1.0 
<0.5 
<1.0 
<0.005 
<1.0 

<0.005 
<0.005 
<0.01 
<0.01 

01 <0. 
<0.01 
<0.01 

<0.01 

0.02 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

C-9 
iXkkXkkkXi 

1.0 
<0.5 
<1.0 
<0.005 
0.2 

<0.005 
<0.005 
<0.01 
<0.01 

01 0. 
<0.01 
<0.01 

<0.01 

<0.01 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

C-10 

<1.0 
<0.5 
<1.0 
<0.005 
0.05 

<0.005 
<0.005 
<0.01 
<0.01 

01 <0. 
<0.01 
<0.01 

<0.01 

0.02 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

* - Based on response for toluene 

Note: This is a complete list of all compounds analyzed. 
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TABLE B-1 (cont.) 
CONCENTRATIONS OF ORGANIC COMPOUNDS IN SAMPLES COLLECTED 

FROM THE DISCHARGE TO ATMOSPHERE OF CONTROL VELLS 
IN THE VICINITT OF THE MIDVAT LANDFILL 
ALL RESULTS REPORTED AS uL/L (ppm) 

COMPOUND 
*-kk**k**kkXkkkkk*kk-kirk* 

Vinyl Chloride 
Chloroethane 
Chloromethane 
1,1-Dichloroethylene 
Methylene Chloride 
trans-1,2-Dichloro-

ethylene 
1,1-Dichloroethane 
Chloroform 
1,1,1-Trichloroethane 
Carbon Tetrachloride 
1,2-Dichloroethane 
Trichloroethylene 
1,1,2,2-Tetrachloro

ethane 
1,1,2,2-Tetrachloro-

ethylene 
Acetone 
Carbon Disulfide 
Benzene 
Toluene 
p-Xylene 
o-Xylene/Styrene 
Ethylbenzene* 

C-12 
CONTROL VELL 

C-13 
kkkkkkk-k-k*ie-k**kkXXXi 

<1.0 
<0.5 
<1.0 
<0.005 
<1.0 

<0.005 
<0.005 
<0.01 
<0.01 

<0 
<0.01 
<0.01 

<0.01 

<0.01 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

<1.0 
<0.5 
<1.0 
0.1 
<1.0 

<0.005 
<0.005 
<0.01 
0.1 

01 <0 
<0.01 
0.04 

<0.01 

<0.01 
<0.5 
<0.5 
<0.2 
20 
<0.5 
<0.5 
<0.5 

C-15 
I r * * * * * * * * * -

3.0 
<0.5 
<1.0 
<0.005 
<1.0 

<0.005 
<0.005 
<0.01 
0.1 

01 <0 
<0.01 
<0.01 

<0.01 

<0.01 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

lr'A"A4riitA A 

• I 

* - Based on response for toluene 

Note: This is a complete list of all compounds analyzed. 
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3.0 OBJECTIVES 

3.1 Install Off-Site Gas Probes 

Eleven multi-completion offsite monitoring probes were Installed to provide 
additional data to an existing data base on offsite landfill gas migration 
and concentrations of gas in the surrounding area. Specific questions that 
were to be answered Include whether offsite subsurface gasses originate 
within the landfill or from other sources and whether there is a subsurface 
conduit for landfill gas migration between the Midway landfill and the Kent 
Highlands Landfill. 

Up to four screened Intervals were Installed in each probe to enable sampling 
from shallow and deeper lithologic layers which were potential gas transmit
ters. It was anticipated that a correlation between stratigraphies could be 
made from this and the above questions could be answered. 

3.2 Monitor Levels of CH4, 02, C02, and Static Pressure 

The extent of offsite landfill gas migration can be determined by monitoring 
certain parameters in each offsite monitoring well. Also, knowledge of 
subsurface conduits for landfill gas migration can be supplemented. Monitor
ing the static pressure in the various completion zones in the offsite 
monitoring probes over time determines if the vacuum induced in the landfill 
by the active onsite migration control system is having an Influence on the 
soil surrounding the offsite probe. 

Static pressure will vary due to changing barometric conditions. To evaluate 
the Influence of the onsite gas migration control system on an offsite probe, 
it is necessary to evaluate the change in static pressure in the probe over 
time during similar barometric conditions. 

3.3 Plot Data as Isopleths 

As the data from the offsite probes was accumulated, isopleths of methane 
concentrations and pressure gradients were developed for various time periods 
to show trends in landfill gas migration. These Isopleths are computer 
generated maps showing the highest methane concentration curves around the 
landfill site for a given time period. From this data, areas around the 
landfill in which the onsite gas migration control system is or is not having 
sufficient influence can be identified and appropriate adjustments can be 
performed onsite. Also, areas which need additional probes or extraction 
wells can be Identified. Sample Isopleths are Included in this memo in 
Section 5 as Figures B-6, B-7, B-8, B-9, B-10, B-11, B-12, B-13, and B-14. 
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3.4 Assess Changes in Methane Levels 

As the methane levels in the offsite probes chamge, determinations can be 
made as to the effectiveness of the onsite gas migration control system. It 
is important to note trends in offsite gas migration as shown on the methane 
concentration Isopleths generated. Increased methane concentrations in 
offsite monitoring probes do not necessarily Indicate landfill gas is 
escaping from the landfill. Rises in methane concentrations can be caused by 
"old" landfill gas, or gases from other sources, being pulled back toward the 
site by the onsite gas migration control system. An indicator of this would 
be decreased carbon dioxide levels in the gas sample. Experience at the 
Midway Landfill has shown that methane and carbon dioxide are produced during 
anaerobic decomposition in a ratio of 1.45:1. It is also known that carbon 
dioxide is readily soluble in water. Therefore, if the ratio of methane to 
carbon dioxide in an offsite gas probe is considerably less than the ratio in 
probes on the landfill, it can be assumed that the missing carbon dioxide was 
adsorbed into the soil moisture as the gas migrated. 

If landfill gas is found to be still migrating away from the landfill, 
appropriate measures such as adding more extraction wells onsite or increas
ing the flow rate in existing onsite extraction wells can be implemented to 
achieve more complete control. •I 

City of Seattle Midway LF RI 8 March 24, 1988 
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4.0 METHODOLOGT 

4.1 Gets Probe Design, Drilling, Sampling and Logging 

Eleven gas monitoring probes were installed as part of this investigation. 
These probes were labeled "Yl" through "Z" and "AA" through "AH". The 
location of these probes can be seen on Figure B-1. The probe locations were 
selected by Parametrix and the City of Seattle. Ten wells are on street 
rights-of-way. Well "AC" is located on private property. Street addresses 
and other information to locate the gas monitor probes are provided in 
Appendix B-1. Drilling the boreholes and installing the in-ground probes was 
subcontracted to Richardson Well Drilling Company of Tacoma, Washington. All 
of their work was closely supervised by an experienced engineering geologist 
from Terra Associates, Inc. of Redmond, Washington. 

Drilling began on November 3, 1986. A top-drive rotary drill rig was used to 
drill and sample the first three boreholes: Yl, Y2, and Z. Compressed air 
and water mist were used to remove the cuttings. To support the boreholes, 
eight-inch-diameter steel casing was driven using a pneumatic hammer. Soil 
samples were taken at five-foot Intervals using a tube sampler driven with 
the casing hammer. 

Due mostly to the time required to take the soil samples, work progress with 
the rotary drill rig proved to be much slower than expected. Consequently, 
the rotary rig was assigned to other Midway Landfill work and a cable-tool 
drill rig was mobilized to complete the remaining eight gas monitor probes. 

The cable-tool rig advances casing by driving it with a dead-weight hammer. 
The drill tool is lowered into the casing on a steel cable. The borehole is' 
advanced below the casing by dropping a heavy drill tool repeatedly onto the 
material at the bottom of the borehole. Water is added as needed to produce 
muddy, fluid cuttings. The cuttings are removed from the borehole with a 
trap-door bailer lowered into the casing after the drill tool is removed. 

The borehole was advanced five feet at a time. Once the borehole was bailed 
free of cuttings, the sampling tube was inserted in the borehole and driven 
with a down-the-hole hammer operated by the cable. It was usually driven one 
to two feet once in every five feet of borehole. 

The steel casings were removed from the boreholes as the boreholes were 
backfilled with well screen and gravel pack. To assure the boreholes would 
not collapse while the casings were being withdrawn, the pea gravel level was 
kept a few feet above the bottom of the casings, except when the seals were 
being placed. 

At each well, an engineering geologist from Terra Associates, Inc. maintained 
a log of each borehole, collected the soil samples and supervised the 
Installation of the gas collecting completion zones. All cuttings were 
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removed and disposed of onsite. The soil samples and the cuttings were 
visually classified in accordance with the Unified Soil Classification 
System. The well installation logs included in Appendix B-1 report the 
results of this visual classification. 

While the gas monitor probes were being Installed, methane was detected only 
at probe AF. The quantity of gasses venting through the borehole was small. 
Maintaining the safe working environment prescribed by the Health and Safety 
Plan was readily accomplished. 

A typical schematic drawing of the .as-built probe Installations is shown in 
Figure B-2. Schematic drawings of probes Installed previously are shown on 
Figures B-3, B-4, and B-5 for reference. The gas monitor wells consist of 
either two, three or four gas probes packed in pea gravel collection zones. 
Each probe uses Schedule 80 PVC slotted pipe within the collection zones and 
solid-wall PVC riser pipe to bring the gases collected to the ground surface. 
The slot width is either two hundredths or four hundredths of an inch. All 
joints are threaded flush. No glues or solvents were used. The probes are 
closed on the bottom end with either slip caps or threaded caps. The top of 
each probe is threaded and closed off with a Schedule 80 1/4-inch PVC ball 
valve and threaded cap. 

In each probe, the deepest probe is 3/4-inch-dlameter pipe and the shallower 
probes are 1/2-inch-diameter pipe. Because it was anticipated that the deep 
probes might encounter the regional groundwater table, the larger pipe was 
Installed to make it easier to insert the sensor used to measure the water 
level In the wells. 

In each probe, pea gravel for the collection zone was installed to a point at 
least a few feet above the uppermost slots. The seals separating adjacent 
collection zones vary in thickness from about two to five feet. The seals 
were made from bentonite pellets, except for the deepest seal in probe AF, 
where concrete grout was used. At least 100 pounds of pellets were used for 
the bentonite seals. Once in place, water was added to swell the pellets and 
activate the seals. To exclude surface water from the probes, a seal was 
placed at the ground surface. These seals were either concrete grout over a 
layer of bentonite pellets, or concrete grout mixed with a few percent of 
bentonite powder. 

Each well was secured at the ground surface with a cast iron locking cover 
twelve Inches in diameter. The last hole was completed on March 26, 1987. 

After the Installation of the eleven probes for the RI, the City contracted 
with Parametrix, Inc. to Install 11 additional multi-completion gas probes 
north, east and south of the landfill to gather additional Information with 
respect to off-site migration of gas in these areas. These probes are shown 
in Figure B-1 and labeled "AI" through "AV". These probes were installed 
using similar methodology as that described for the R.I. probes. 
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To gather additional information near the peat bog located south-east of the 
landfill, the City contracted with Parametrix, Inc. to Install three shallow 
single completion probes in the peat deposits. These probes are six to nine 
feet deep, hsind augured holes. In each probe, pea gravel was installed to 
within one foot of the surface, and a bentonite surface seal was Installed in 
the upper one foot. The probe is perforated in the pea gravel zone. These 
probes are shown on Figure B-1 and labeled "AS", "AT", and "AU". 

4.2 Monitoring Equipment 

The following is a list of the equipment used to monitor the offsite probes 
around the Midway Landfill: 

a. "Dwyer Magnahelic" analog pressure gauges with ranges of 0 to .25 
inches W.C, 0 to 1.0 inches W.C, 0 to 10.0 Inches W.C, and 0 to 
40 Inches W.C. 

b. "Bacharrach TLV Sniffer" combustible gas indicator with ranges of 0 
to 100 parts per million (ppm), 0 to 1,000 ppm, and 0 to 10,000 
ppm. 

c. "Gastech Model NP-204" combustible gas Indicator with ranges of 0 
to 100^ of the lower explosive limit (LEL), and 0 to 100^ combus
tible gas by volume. 

d. "Gastech Model IP-204" oxygen deficiency indicator with ranges of 0 
to 5% oxygen by volume, and 0 to 25% oxygen by volume. 

e. "Bacharach Fyrite" carbon dioxide Indicator with ranges of 0 to 20% 
carbon dioxide by volume, and 0 to 60% carbon dioxide by volume. 

f. "Brallsford Model TD-2N" evacuation pump capable of drawing up to 
100 inches W.C. vacuum and 4 liters per minute. 

4.3 Monitoring Procedure 

Monitoring of offsite probes is accomplished by City of Seattle Field 
Technicians. Each day, the barometric pressure for the Midway area is 
recorded at four to six times in the day. This Information is recorded to 
combine with the data collected at the individual monitoring probes for a 
specific day to note the effect of barometric conditions on the readings 
taken. 

The following is the monitoring procedure followed by the field technicians 
at each offsite monitoring probe: 

a. remove the vault cover from the prove vault 
b. remove the cap from each completion level in the probe 
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c. insert the pressure gauge in one completion level of the probe 
d. open the valve on the completion level that the pressure gauge is 

attached to and record the pressure 
e. close the valve 
f. repeat steps c, d, and e for each completion level 
g. insert the evacuation pump in one completion level of the probe 
h. open the valve on the completion level 
1. evacuate the volume of the completion zone 
j. remove the evacuation pump 
k. attach the oxygen deficiency meter to the completion zone being 

sampled, draw and record the measurement, (note: this step is taken 
prior to measuring the amount of combustible gas, because the "TLV 
Sniffer" and the "Gastech Model NP-204" LEL range will not give a 
valid reading in gas samples where oxygen content is less than 10% 
by volume. If the oxygen content is less than 10% by volume, 
either the percent by volume range of the "Gastech Model NP-204", 
or a Flame Ionization Detector (FID) with a sample diluter should 
be used to measure the amount of combustible gas. 

1. attach the appropriate combustible gas indicator to the completion 
zone being sampled, draw and record the measurement. 

m. attach the C02 indicator to the completion zone being sampled, draw 
and record the measurement 

n. close the valve 
o. repeat steps g, h, 1, j, k, 1, m, and n on each completion level 
p. replace the caps on each completion level 
q. replace and secure the vault cover 

4.4 Schedule of Measurements 

As monitoring probes are installed, they are monitored daily until a certain 
confidence in the readings and trends in the probes are ascertained. If the 
readings indicate that unacceptable levels of combustible gas are present, 
the probe will continue, to be monitored more frequently than those which do 
not indicate high levels of combustible gas. Also, probes nearer the 
landfill will generally be monitored more frequently than those further away. 
This makes it possible to quickly determine if landfill gas is escaping from 
the landfill and take appropriate measures with the onsite migration control 
system. 

Currently, the monitoring schedule for probes around the Midway landfill is 
as follows: 

TWO TIMES WEEKLY (evenly spaced) 

A, C, I, J, K, L, M, AB, AF, AH, AM, AN, AO, AP, AQ, AR, AS, AT, AU, 
AV, AW, 37, 39, 44, 45, 48, 49, 50, 56, 59, 60, 61, 78, 79, 81, 82, 
85, 87, MW-21, MW-23, MW-15, MW-24, MW-27 
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ONE TIME WEEKLY 

B, D, E, H, N, 0, R, V, Y, AA, AC, AD, AG, AI, AJ, AK, AL, 2, 10, 13, 
17, 18, 64, 66, 69, 76, 84, 88, 90, MW-8, MW-10, MW-14, MW-20, MW-29 

MONTHLY 

P, Q, S, T, U, W, X, Z, 5, 6, 7, 8, 9, 12, 20, 21, 22, 26, 27, 29, 31, 
32, 33, 34, 35, 40, 41, 43, 46, 47, 51, 52, 53, 54, 57, 58, 67, 70, 72, 
73, 74, 75, 77, 80, 83, 86, 89, 91, 92, BARHOLES 
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5.0 RESULTS 

5.1 Probe Logs and Subsurface Conditions 

The probe logs for the probes drilled for this investigation are Included in 
this report in Appendix B-1. A complete listing of all probes installed 
around the Midway Landfill is included as Table B-2 of this report. General
ly, the sedimentary units encountered in the gas probe borings indicate a 
silty, sandy gravel layer overlying outwash and ice contact deposits. The 
contact between these two main sediment types is an eroslonal unconformity, 
indicating a gap in time between periods of deposition. The upper layers 
consist of a sandy and silty gravel while the lower deposits are comparative
ly looser and more water bearing than the till. Both deposits are generally 
poorly sorted. Occasionally, layers of silt and clay were noted, in all 
cases beneath the till layer. 

Data from previous studies indicate that below the reach of the gas probes 
installed for this study are sedimentary layers which are more massive, 
continuous, and easily correlatable from the data provided from the deeper 
groundwater wells. 

5.2 Gas Concentration Isopleths 

Data recorded from the monitoring probes installed for this investigation, 
along with monitoring probes installed prior to this investigation was 
compiled and input to a computer to generate gas concentration Isopleths. 
These maps show gradient lines of gas concentrations around the Midway 
Landfill. 

As seen on Figure B-6, which is an isopleth of the shallow soil zone for 
February, 1986, methane was detected north-west of the landfill in concentra
tions over 75%, north of the landfill in concentrations over 25%, east of the 
landfill in concentrations over 40%, and south-west of the landfill in 
concentrations over 40%. Figure B-7, a deep soil zone Isopleth for February, 
1986, shows that methane was detected in all directions away from the 
landfill and in concentrations over 90% in some areas. These two isopleths 
represent the status of landfill gas migration from the landfill at the time 
that the completed Phase I onsite gas migration control system was put in 
continuous operation. The effect of the offsite control wells placed in 
various locations in the neighborhoods east of the landfill can be seen on 
Figure B-6. This figure shows a deep soil zone east of Interstate 5, 
surrounded on three sides with concentrations of gas above 5%. However, the 
areas near the offsite control wells do not Indicate concentrations of gas 
over 5% by volume in the shallow soil zone. 

Figures B-8 and B-9 depict maximum shallow and deep gas concentrations during 
the first half of September, 1986. This represents the status of migrated 
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TABLE B-2 
OFFSITE MONITORING PROBE COMPLETION DETAILS 

PROBE DATE INSTALLED INSTALLED 
COMPLETED BT FOR 

* « • * « » » » • • • • • • « • .« 

A-S 
A-D 
Al-S 
Al-M 
Al-D 
B-S 
B-M 
B-D 
C-S 
C-M 
C-D 
D-S 
D-M 
D-D 
E-S 
E-M 
E-D 
H-S 
H-M 
H-D 
I-S 
I-M 
I-D 
J-S 
J-M 
J-D 
K-S 
K-M 
K-D 
L-S 
L-M 
L-D 
M-S 
M-M 
M-D 
N-S 
N-M 
N-D 
0-S 
O-M 
O-D 
P-S 
P-M 
P-D 
Q-S 
Q-M 

03/15/85 
03/15/85 
03/21/85 
03/21/85 
03/21/85 
03/14/85 
03/14/85 
03/14/85 
03/22/85 
03/22/85 
03/22/85 
03/18/85 
03/18/85 
03/18/85 
03/20/85 
03/20/85 
03/20/85 
03/01/85 
03/01/85 
03/01/85 
03/02/85 
03/02/85 
03/02/85 
03/04/85 
03/04/85 
03/04/85 
03/11/85 
03/11/85 
03/11/85 
06/27/85 
06/27/85 
06/27/85 
07/01/85 
07/01/85 
07/01/85 
03/21/85 
03/21/85 
03/21/85 
04/17/85 
04/17/85 
04/17/85 
03/26/85 
03/26/85 
03/26/85 
09/02/86 
09/02/86 

GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 
GA 

TERRA 
TERRA 

CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 

DEPTH TO 
SCRN TOP 

DEPTH TO 
SCRN BOT 

-k*XXXkkkkkkkkkkkk*kk-k 

13.5 
58.4 
13.5 
37.4 
58.5 
12.5 
32.5 
57.5 
24.0 
40.5 
56.0 
13.5 
43.5 
74.0 
13.5 
41.5 
67.4 
9.5 
33.5 
65.5 
11.4 
40.5 
69.5 
12.0 
43.8 
72.5 
12.2 
49.2 
79.8 
12.7 
53.7 
96.0 
12.7 
62.9 
102.1 
12.5 
50.5 
86.5 
12.2 
39.2 
73.3 
12.5 
28.5 
46.5 
10.0 
35.0 

14.0 
59.0 
14.0 
38.0 
59.0 
13.0 
33.0 
58.0 
24.5 
41.0 
56.5 
14.0 
44.0 
74.5 
14.0 
42.0 
68.0 
10.0 
34.0 
66.0 
12.0 
41.0 
70.0 
12.5 
44.5 
73.0 
13.0 
50.0 
80.5 
14.0 
55.0 
97.5 
14.5 
64.5 
103.5 
13.0 
51.0 
87.0 
13.0 
40.0 
74.0 
13.0 
29.0 
47.0 
30.0 
85.0 

LENGTH OF 
SCREEN 

************ 
0.5 
0.6 
0.5 
0.6 
0.5 
.0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.5 
0.6 
0.5 
0.5 
0.5 
0.6 
0.5 
0.5 
0.5 
0.7 
0.5 
0.8 
0.8 
0.7 
1.3 
1.3 
1.5 
1.8 
1.6 
1.4 
0.5 
0.5 
0.5 
0.8 
0.8 
0.7 
0.5 
0.5 
0.5 
20.0 
50.0 

2k 
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TABLE B-2 
OFFSITE MONITORING PROBE COMPLETION DETAILS (CONT.) 

PROBE 

kXkkkkk 

Q-D 
R-S 
R-M 
S-S 
S-M 
S-D 
T-S 
T-M 
U-S 
U-M 
U-D 
V-S 
V-M 
V-D 
W-S 
W-M 
X-S 
X-M 
X-D 
Yl-S 
Yl-M 
Yl-I 
Yl-D 
Y2-S 
Y2-M 
Y2-I 
Y2-D 
Z-S 
Z-M 
Z-D 
01-M 
02-S 
02-M 
02-D 
03-M 
04-M 
05-S 
06-S 
07-S 
08-S 
09-S 
lO-S 
11-S 
12-S 
13-S 
13-M 

DATE 
COMPLETED 

* * * * * * * * * * * * : ) 

09/02/86 
09/05/86 
09/05/86 
08/28/86 
08/28/86 
08/28/86 
09/22/86 
09/22/86 
09/17/86 
09/17/86 
09/17/86 
09/19/86 
09/19/86 
09/19/86 
09/27/86 
09/27/86 
09/29/86 
09/29/86 
09/29/86 
11/11/86 
11/11/86 
11/11/86 
11/11/86 
11/19/86 
11/19/86 
11/19/86 
11/19/86 
12/19/86 
12/19/86 
12/19/86 
09/25/85 
11/07/85 
06/05/86 
06/03/86 
09/27/85 
09/30/85 
12/12/85 
11/08/85 
11/08/85 
11/08/85 
11/12/85 
11/12/85 
11/11/85 
11/11/85 
11/11/85 
06/10/86 

INSTALLED 
BT 

INSTALLED 
FOR 

t***********************i 

TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 

HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 

CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 

DEPTH TO 
SCRN TOP 

DEPTH TO 
SCRN BOT 

ikkXXXkkkkXkkkkkkkkk) 

100.0 
8.0 
40.0 
9.0 
30.0 
70.0 
10.0 
33.0 
6.0 
20.0 
60.0 
7.0 
18.0 
40.0 
10.0 
30.0 
8.0 
34.0 
88.0 
10.0 
44.0 
58.0 
98.0 
13.0 
49.0 
87.0 
118.0 
7.0 
25.0 
45.0 
19.0 
5.8 
27.7 
67.9 
27.0 
25.0 
6.4 
6.1 
5.0 
6.0 
8.8 
5.5 
5.8 
5.7 
6.0 
44.3 

197.0 
30.0 
100.0 
19.0 
51.0 
80.0 
22.0 
63.0 
17.0 
55.0 
99.0 
15.0 
36.0 
84.0 
20.0 
102.0 
27.0 
75.0 
121.0 
20.0 
54.0 
68.0 
147.0 
37.0 
75.0 
107.0 
147.0 
17.0 
35.0 
137.0 
48.5 
10.8 
49.3 
100.7 
51.5 
59.0 
11.4 
11.1 
10.0 
11.0 
13.8 
10.5 
10.8 
10.7 
11.0 
58.8 

LENGTH OF 
SCREEN 

tkk**-k***-k*-k 

97.0 
22.0 
60.0 
10.0 
21.0 
10.0 
12.0 
30.0 
11.0 
35.0 
39.0 
8.0 
18.0 
44.0 
10.0 
72.0 
19.0 
41.0 
33.0 
10.0 
10.0 
10.0 
49.0 
24.0 
26.0 
20.0 
29.0 
10.0 
10.0 
92.0 
29.5 
5.0 
21.6 
32.8 
24.5 
34.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
14.5 

25 
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TABLE B-2 
OFFSITE MONITORING PROBE COMPLETION DETAILS (CONT.) 

PROBE DATE INSTALLED INSTALLED DEPTH TO DEPTH TO LENGTH OF 
COMPLETED BY FOR SCRN TOP SCRN BOT SCREEN 

14-S 
15-S 
16-S 
17-S 
18-S 
19-S 
20-S 
21-S 
22-S 
23-M 
25-S 
26-S 
27-S 
28-S 
29-S 
30-S 
31-S 
32-S 
33-S 
34-S 
35-S 
36-S 
37-S 
37-M 
37-D 
38-S 
39-S 
40-S 
41-S 
42-S 
43-S 
44-S 
44-M 
44-D 
45-S 
45-M 
45-D 
46-S 
47-S 
48-S 
49-S 
50-S 
50-M 
50-D 
51-S 
52-S 

11/06/85 
11/07/85 
11/15/85 
11/14/85 
11/13/85 
11/13/85 
11/14/85 
11/14/85 
12/11/85 
11/05/85 
11/11/85 
11/15/85 
11/13/85 
11/13/85 
12/12/85 
11/18/85 
11/19/85 
11/18/85 
11/18/85 
11/15/85 
11/19/85 
11/20/85 
02/13/86 
02/13/86 
02/13/86 
11/20/85 
12/10/85 
12/05/85 
12/04/85 
12/04/85 
11/26/85 
11/25/85 
11/25/85 
11/25/85 
11/26/85 
11/26/85 
11/26/85 
11/26/85 
11/27/85 
12/02/85 
12/02/85 
01/11/86 
01/11/86 
01/11/86 
12/03/85 
12/03/85 

HC 
HC 
HC 
HC 
HC 
HC 
HC 

. HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC, 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 

DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 

6.4 
5.0 
6.0 
3.0 
5.8 
5.4 
6.2 
6.1 
6.1 
23.5 
6.0 
6.1 
5.9 
5.7 
3.6 
8.5 
5.5 
3.4 
3.3 
4.5 
6.0 
6.0 
4.3 
30.0 
58.0 
6.0 
6.2 
6.1 
9.9 
6.4 
6.3 
6.3 
20.0 
72.0 
6.1 
20.0 
27.5 
6.4 
6.1 
6.3 
6.2 
6.3 
20.0 
70.3 
6.1 
6.3 

11.4 
10.5 
11.0 
5.2 
10.8 
5.4 
11.2 
11.1 
11.1 
57.5 
11.0 
11.1 
10.9 
10.7 
6.4 
13.5 
10.5 
7.4 
7.3 
9.5 
11.0 
11.0 
7.8 
40.0 
88.0 
11.0 
11.2 
11.1 
14.9 
11.4 
11.3 
11.3 
40.0 
101.0 
11.1 
40.0 
92.5 
11.4 
11.1 
11.3 
11.2 
11.3 
40.0 
100.3 
11.1 
11.3 

5.0 
5.5 
5.0 
2.2 
5.0 
10.4 
5.0 
5.0 
5.0 
34.0 
5.0 
5.0 
5.0 
5.0 
2.8 
5.0 
5.0 
4.0 
4.0 
5.0 
5.0 
5.0 
3.5 
10.0 
30.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
20.0 
29.0 
5.0 
20.0 
65.0 
5.0 
5.0 
5.0 
5.0 
5.0 
20.0 
30.0 
5.0 
5.0 

26 
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TABLE B-2 
OFFSITE MONITORING PROBE COMPLETION DETAILS (CONT.) 

PROBE DATE INSTALLED INSTALLED 
COMPLETED BY FOR 

DEPTH TO DEPTH TO LENGTH OF 
SCRN TOP SCRN BOT SCREEN 

XkkkkkkkkkkkXXkkkkkkkXXXXXXXXkXXXXXXXXXXXXXkkkkkkXXkkkkXkkkkk**kkkXXXXXXM-kk 

53-S 
54-S 
55-S 
56-S 
57-S 
58-S 
59-S 
59-M 
59-D 
60-S 
61-S 
62-S 
63-S 
64-S 
65-S 
66-S 
67-S 
68-S 
69-S 
70-S 
71-S 
72-S 
73-S 
74-S 
75-S 
76-S 
76-M 
76-D 
77-S 
78-S 
79-S 
79-M 
79-D 
80-M 
80-D 
81-M 
81-D 
82-S 
82-M 
82-D 
83-M 
84-S 
84-M 
84-D 
85-M 
85-D 

12/03/85 
12/03/85 
12/09/85 
12/09/85 
12/04/85 
12/04/85 
12/04/85 
01/14/86 
01/14/86 
12/06/85 
12/11/85 
11/19/85 
12/12/85 
12/13/85 
11/07/85 
12/06/85 
11/08/85 
11/15/85 
12/13/85 
11/25/85 
11/25/85 
12/09/85 
11/27/85 
12/10/85 
12/17/85 
01/16/86 
01/16/86 
01/16/86 
12/16/85 
12/16/85 
01/30/86 
01/30/86 
01/30/86 
02/07/86 
02/07/86 
01/24/86 
01/24/86 
02/05/86 
02/05/86 
02/05/86 
02/24/86 
06/30/86 
06/30/86 
06/30/86 
07/02/86 
07/02/86 

HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 

DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 

20.0 
67.5 
6.2 
3 
6 
3 
3 
4 
3 

5.8 
5.9 
.3 
.0 
.0 
.4 
.2 
1 
1 
,3 

6. 
6. 
6. 
6. 
6. 
6. 
6. 
6. 
20.0 
70.5 
6.0 
6.4 
6.0 
36.0 
67, 
10. 
68. 
30. 
64.0 
8.5 
20.0 
78.0 
15.5 
9.0 
43.9 
80.7 
44.0 
78.4 

.5 

.0 

.0 

.0 

11.0 
11.0 
11, 
11, 
11, 
11. 
11. 
40. 
99. 
11. 
11, 
10. 
10.3 
11 
10 
11 
10 
10 
11.3 
11.0 
11, 
11. 
11. 
11, 
11. 
11, 
40.0 
100.5 
11.0 
11.4 
8.0 
51.0 
100.0 
22. 
98. 
48, 
79. 
13. 
49. 
93. 
35.5 
17.0 
63.1 
100.0 
63.9 
98.6 

,5 
.0 
,5 
.0 
,5 
.0 
.0 

.0 
,0 
.0 
.0 
,0 
,0 
.0 

20.0 
32.0 
5.0 
5, 
5, 
5, 
5. 
5, 
5. 
5. 
5. 
5. 
5. 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
20.0 
30.0 
5.0 
5.0 
2.0 
15.0 
32.5 
12.5 
30.0 
18.5 
15.0 
5.0 
29.0 
15.0 
20.0 
8.0 
19.2 
19.3 
19.9 
21.2 

27 
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TABLE B-2 
OFFSITE MONITORING PROBE COMPLETION DETAILS (CONT.) 

PROBE DATE 
COMPLETED 

INSTALLED 
BT 

INSTALLED 
FOR 

DEPTH TO 
SCRN TOP 

DEPTH TO 
SCRN BOT 

LENGTH OF 
SCREEN 

86-S 06/15/86 HC DOE 7.7 15.4 7.7 
86-M 
87-S 
87-M 
87-D 
88-S 
88-M 
88-D 
89-S 
89-M 
90-M 
91-S 
91-M 
92-S 
92-M 
AA-S 
AA-M 
AA-D 
AB-S 
AB-M 
AB-D 
AC-S 
AC-M 
AC-D 
AD-S 
AD-D 
AE-S 
AE-M 
AF-S 
AF-M 
AF-D 
AG-S 
AG-M 
AH-S 
AH-M 
AH-D 
AI-S 
AI-M 
AI-D 
AJ-S 
AJ-M 
AJ-I 
AJ-D 
AJ-W 
AK-S 
AK-M 

06/15/86 
06/20/86 
06/20/86 
06/20/86 
06/13/86 
06/13/86 
06/13/86 
06/23/86 
06/23/86 
06/27/86 
07/09/86 
07/09/86 
07/11/86 
07/11/86 
01/08/87 
01/08/87 
01/08/87 
01/16/87 
01/16/87 
01/16/87 
01/26/87 
01/26/87 
01/26/87 
02/13/87 
02/13/87 
03/05/87 
03/15/87 
03/02/87 
03/02/87 
03/02/87 
03/12/87 
03/12/87 
03/26/87 
03/26/87 
03/26/87 
06/09/87 
06/09/87 
06/09/87 
06/15/87 
06/15/87 
06/15/87 
06/15/87 
06/15/87 
06/25/87 
06/25/87 

HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 
HC 

TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 

DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
DOE 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 

54.1 
8.1 
25.6 
68.9 
5.4 
19.9 
53.8 
10.4 
25.3 
52.5 
9.5 
30.6 
10.2 
29.5 
8.0 
49.0 
77.0 
7.0 
30.0 
50.0 
9.0 
35.0 
60.0 
9.0 
35.0 
7.0 
31.0 
8.0 
35.0 
95.0 
6.0 
33.0 
10.0 
28.0 
75.0 
26.0 
47.5 
93.0 
24.0 
46.0 
85.0 
117.5 
183.0 
23.0 
52.0 

63.7 
13.2 
44.3 
93.4 
10.4 
34.8 
69.3 
15.7 
45.0 
57.8 
19.2 
50.0 
19.9 
49.2 
38.0 
69.0 
99.0 
28.0 
34.0 
60.0 
28.0 
50.0 
75.0 
28.0 
100.0 
26.0 
49.0 
27.0 
75.0 
150.0 
26.0 
50.0 
23.0 
67.0 
105.0 
37.0 
82.5 
118.0 
34.0 
76.0 
110.0 
142.5 
203.0 
43.0 
92.0 

9.6 
5.1 
18.7 
24.5 
5.0 
14.9 
15.5 
5.7 
19.7 
5.3 
9.7 
19.4 
9.7 
19.7 
30.0 
20.0 
22.0 
21.0 
4.0 
10.0 
19.0 
15.0 
15.0 
19.0 
65.0 
19.0 
18.0 
19.0 
40.0 
55.0 
20.0 
17.0 
13.0 
39.0 
30.0 
11.0 
35.0 
25.0 
10.0 
30.0 
25.0 
25.0 
20.0 
20.0 
40.0 
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TABLE B-2 
OFFSITE MONITORING PROBE COMPLETION DETAILS (CONT.) 

PROBE DATE 
COMPLETED 

• » « t- • * ' » • • • « « • • * * * J 

X X X X T V X X X X X X X X X A X K A ? 

INSTALLED INSTALLED 
BT FOR 

AK-I 
AK-D 
AK-W 
AL-S 
AL-M 
AL-I 
AL-D 
AL-W 
AM-S 
AM-M 
AM-D 
AN-S 
AN-M 
AN-I 
AN-W 
AO-S 
AO-M 
AO-W 
AP-S 
AP-M 
AP-I 
AP-W 
AQ-S 
AQ-M 
AQ-I 
AQ-D 
AR-S 
AR-M 
AR-I 
AR-D 
AS-S 
AT-S 
AU-S 
AV-S 
AV-M 
AV-D 
AV-W 

06/25/87 
06/25/87 
06/25/87 
07/01/87 
07/01/87 
07/01/87 
07/01/87 
07/01/87 
08/04/87 
08/04/87 
08/04/87 
09/14/87 
09/14/87 
09/14/87 
09/14/87 
09/23/87 
09/23/87 
09/23/87 
09/24/87 
09/24/87 
09/24/87 
09/24/87 
09/14/87 
09/14/87 
09/14/87 
09/14/87 
09/21/87 
09/21/87 
09/21/87 
09/21/87 
09/01/87 
09/03/87 
09/03/87 
09/29/87 
09/27/87 
09/27/87 
09/27/87 

PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 
PMX 

CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 

DEPTH TO 
SCRN TOP 

DEPTH TO 
SCRN BOT 

-k***kkkXkk-k*-k**-kk*-k 

101.0 
152.0 
206.0 
23.0 
53.0 
96.0 
144.0 
188.0 
25.0 
52.5 
83.0 
6.0 
22.0 
37.0 
75.0 
5.0 
21.0 
73.0 
5.0 
30.0 
58.0 
97.0 -
6.0 
23.0 
57.0 
74.0 
5.0 
20.0 
61.0 
73.0 
2.0 
2.0 
2.0 
21.0 
52.0 
95.0 
135.0 

136.0 
192.0 
239.0 
43.0 
82.0 
136.0 
179.0 
233.0 
40.0 
72.5 
118.0 
21.0 
32.0 
42.0 
85.0 
20.0 
51.0 
98.0 
20.0 
50.0 
88.0 
112.0 
19.0 
48.0 
67.0 
89.0 
20.0 
45.0 
66.0 
93.0 
7.0 
6.0 
6.0 
45.0 
82.0 
125.0 
150. 0 

LENGTH OF 
SCREEN 

-kkk-k-kkk-k-k-k* 

35.0 
40.0 
33.0 
20.0 
29.0 
40.0 
35.0 
45.0 
15.0 
20.0 
35.0 
15.0 
10.0 
5.0 
10.0 
15.0 
30.0 
25.0 
15.0 
20.0 
30.0 
15.0 
13.0 
25.0 
10.0 
15.0 
15.0 
25.0 
5.0 
20.0 
5.0 
4.0 
4.0 
24.0 
30.0 
30.0 
15.0 
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landfill gas seven months after the phase I onsite migration control system 
was put into continuous operation. 

As shovn on Figure B-8, shallow gas concentrations to the east, south, and 
west of the landfill have been greatly reduced. This is due not only to the 
influence of the onsite gas migration control system, but also to the 
operation of the offsite control wells. Gas concentrations over 25% by 
volume were detected 1300 feet west of the landfill. However, this is 
believed due to gas being generated in a peat bog located in that area and 
not to migrating landfill gas. Shallow gas concentrations over 30% by volume 
were detected north of the landfill during this time period. Without 
sufficient probe data north of the landfill, it is difficult to determine 
whether this is due to migrating landfill gas or if it is being generated by 
an offsite source of decomposing material. 

Figure B-9 (a gas concentration isopleth for September, 1986) shows sig
nificant reductions in deep gas concentrations west of the landfill from that 
recorded in February. Also, the concentrations of gas to the north, east, 
and south have been greatly reduced (from over 90% by volume in some areas to 
35% by volume east of the landfill). It is not possible to ascertain the 
exact extent of offsite landfill migration due to the lack, of offsite probe 
data. 

Figures B-10 and B-11 show even further reductions in offsite gas concentra
tions. The gas previously detected in shallow soil zones to the west of the 
landfill has been determined to be a product of the peat bog located in that 
area. Gas concentrations in shallow soil zones north of the landfill are 
still causing concern and further actions are underway to determine the 
source and alleviate this problem. 

As seen in Figure B-11, gas concentrations in the deep soil zones east and 
south of the landfill have been reduced from the levels recorded in Septem
ber, 1986. However, this is proving to be a slow process. Additional probe 
data provided by a gas probe installed in groundwater monitoring well MW-21, 
indicated high level of offsite gas to the north-west of the landfill. This 
high concentration has been reduced over time due to the operation of control 
well C-11, and onsite migration wells PA-1 and PC-8 (see Figure B-13). 

Figure B-14 shows a pressure gradient isopleth around the Midway Landfill for 
December, 1987. This isopleth is used in conjunction with shallow and deep 
gas concentration isopleths to determine the effectiveness of the onsite 
migration control system and the offsite control wells. 

Pressure gradients emanating from the onsite extraction system are studied to 
determine if the vacuums created onsite are pulling previously migrated gas 
back to the landfill or if gas is being allowed to migrate offsite. Gas will 
tend to flow perpendicular to pressure gradients through the path of least 
resistance. In other words, if gas is present within the zone of influence 
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Note; All sets of probes and 
wells may not be shown. 
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Figure B-10 
Shallow Gas Concentration 
Isopleth, July 1987 
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Figure B-11 
Deep Gas Concentration 
Isopleth, July 1987 
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Note: All sets of probes and 
wells may not be shown. 

SCALE IN FEET m 
500 1.000 

Figure B-12 
Shallow Gas Concentration 
Isopleth, December 1987 
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Figure B-13 
Deep Gas Concentration 
isopleth, December 1987 
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Figure B-14 
Pressure Gradients 
December 1987 
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of an induced vacuum point (i.e. an extraction well), that gas will tend to 
flow toward that point. 

As shown in Figure B-14, pressure gradients at the present time indicate that 
gas, if present offsite, is effectively being pulled back toward the land
fill. The vacuum being induced in the southeast corner of the landfill is 
not as great as the vacuum in the other areas; however, by studying Figure B-
14, the pressure gradient toward the landfill becomes apparent. 

5.3 Changes Over Time 

As seen in the isopleths in Section 5.2, gas levels have been reduced around 
the landfill since the implementation of the onsite gas migration control 
system and the offsite gas extraction wells. Probes installed over time have 
helped to further define the extent of offsite gas migration which assists in 
determining the proper measure to be implemented both onsite and offsite to 
eliminate the offsite gas reservoirs which have accumulated over time. 

•I 
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6.0 CONCLUSIONS 

The installation of monitoring probes Y, Z, and AG, in conjunction with 
probes drilled during a study at the Kent Highlands Landfill for gas migra
tion control in 1986 and 1987 by Parametrix, Inc. have not shown any subsur
face conduits for landfill gas migration between the Midway and Kent High
lands Landfill. The installation of probes AA and AB to the north and north
west of the site have helped to further define the extent of landfill gas 
migration to the north of the landfill and probes AC, AD, AE, and AH have 
helped to define the extent of gas migration to the south of the landfill 
(see Figures B-10 and B-11). 

As seen in Figure B-10, probes AC and AE have shown levels of combustible gas 
present in the shallow soil zones. Comparing this with the data obtained 
from other monitoring probes nearby, this appears to be a localized pheno
mena. Further studies are underway in these areas to determine the source of 
this gas and appropriate measures to be taken. It should be noted that the 
"shallow" zone of probe AC is actually completed at seven to twenty-six feet 
below ground surface. Therefore, it is not valid to assume that the gas 
present in the probe is actually shallow or surface gas. It is possible that 
fractionated methane in the probe volume is being measured rather than an 
indicative sample of the methane present in the soil being sampled. A review 
of monitoring procedures should be implemented. 

The initial reduction of high levels of gas in shallow soil zones and in 
basements and crawlspaces of structures around the site by the onsite 
migration control system, coupled with the offsite extraction well perfor
mance was quite fast. The decline in gas concentrations since has been 
gradual. With the. addition of new probes from this and other studies, the 
extent of gas migration away from the site and potential subsurface conduits 
for landfill gas migration have been fairly accurately identified. The ap
propriate measures for controlling offsite migration as well as drawing 
migrated gas back to the landfill are being implemented. 
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FOR THE REMEDIAL INVESTIGATION 



TERRA ASSOCIATES, Inc. 
Ceotechnicai Consultants 

June 10, 1987 
Project No. T-250-4 

Mr. James Braddock 
Parametrix, Inc. 
13020 Northup Way, Suite 8 
Bellevue, Washington 98005 

Subject: Off-Site Gas Monitor Wells 
Midway Landfill Remedial Investigation 
Subcontract Agreement PMX 55-1550-11 

! • 

Dear Mr. Braddock: 

We have completed the ten gas monitor wells required by Exhibit A of our 
subcontract agreement. This report describes the work accomplished by our 
firm. Eleven wells were actually installed. The eleventh well, Y2, is a 
replacement for Well Yl, which is partially blinded by 80 feet of steel 
casing inadvertently left in the borehole. Each of the eleven wells contains 
two, three or four gas collecting probes. 

SUMMARY 

Eleven gas monitor wells were installed at the approximate locations shown on 
the Gas Monitoring Well Location Plan, Figure 1. The well locations were 
selected by Parametrix and the City of Seattle. Ten wells are on street 
rights-of-way. Well AC is located on private property. Street addresses and 
other information to locate the gas monitor wells are provided on Table I. 

Terra Associates, Inc. was assigned the task of installing the gas monitor 
wells. Our work included: 

1) developing an approved Health and Safety Plan; 

2) assuring that the boreholes would clear all utilities; 

3) drilling the necessary boreholes and obtaining samples of in-place 
soil at five-foot intervals; 

4) reporting the subsurface conditions encountered; 

5) providing and installing slotted-screen probes and gravel pack; and 

6) providing and installing cast iron security covers. 

15301 N.E. 90th Street • Redmond, Washington 98052 • Phone: 881-5570 
Mailing Address: P.O. Box 3338 • Redmond, Washington 98073 



Mr. James Braddock 
June 10, 1987 

Gas and water sampling was included in our work only to the extent necessary 
to confirm that the safe working conditions required by the Health and Safety 
Plan were being maintained. Soil analysis performed by our firm was limited 
to visual classification of the samples recovered. 

All our work was carefully coordinated with Parametrix and the City. The 
soil samples recovered, copies of field notes, and the well installation logs 
were delivered to Parametrix weekly. 

Drilling began on November 3, 1986. Three wells were completed using a top-
drive rotary drill rig. Because the soil sampling slowed the rotary rig more 
than expected, a cable-tool rig was mobilized to complete the work. The last 
hole was completed on March 26, 1987. 

The following table, figure and appendices are included and complete this 
report. The appendices describe in more detail the work assigned to Terra 
Associates, Inc. 

Table I 

Figure 1 

Appendix A 

Appendix B 

Appendix C 

Gas Monitoring Well Locations 

Gas Monitoring Well Location Plan 

Drilling Equipment and Procedures 

Gas Monitor Well Installations 

Subsurface Conditions •I 
We appreciate the opportunity to assist you on this project. Please contact 
us whenever we may be able to help and please call if you have any questions 
conceming the work reported herein. 

Sincerely, 

TERRA ASSOCIATES, INC. , 

^ 
Anil Butail, P.E. 
President 

WAB/AB:pk 
Enclosures 

\ 

,/^f^?X 

''"'^viw^f*/''' 
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T A B L E I 

GAS MONITOR WELL LOCATIONS 

Well No Location 

Yl East side of Military Road S at S 244th St 

Y2 About seven feet south of Yl 

Z East side of 39th Ave S, about 50 feet south 
of S 242nd St 

AA North side of S 240th St, about 200 feet east 
of 30th Ave S 

AB S 244th St at 24th Ave S, about 20 feet east 
of southeast comer 

AC In the planter near the SE corner of Cedarwood 

Shopping Center, approx 25650 Pacific Hwy S 

AD Approx 26060 I'lilitary Road S, east side 

AE S 261st St, north side, about 30 feet west 

of 42nd Ave S 

AF 25620 32nd Place S, east side 

AG 35th Ave S at 244th St, northeast corner 

AH 38th Ave S, east side, about 50 feet north 
of S 257th St 



_ "AA 

^ A A Approximate locat ion and le t ter of monitor ing well 

TERRA 
ASSOCIATES 

Geotechnical Consultants 

LOCATION PLAN 
GAS MONITORING WELLS 

MIDWAY REMEDIAL INVESTIGATION 

Proj. No. 250-41 Date 5-87 JFtgure 1 



A P P E N D I X A 

DRILLING EQUIPMENT AND PROCEDURES 

Eleven gas monitor wells eight inches in diameter were installed to complete 
our work under Subcontract Agreement PMX-55-1550-11. Drilling the boreholes 
and installing the in-ground wells was subcontracted to Richardson Well 
Drilling Company of Tacoma, Washington. All their work was closely super
vised by an experienced engineering geologist from Terra Associates, Inc. 

A top-drive rotary drill rig was used to drill and sample the first three 
boreholes: Yl, Y2 and Z, Compressed air and water mist were used to remove 
the cuttings. To support the boreholes, eight-inch-diameter steel casing was 
driven using a pneumatic hammer. Soil samples were taken at five-foot inter
vals using a tube sampler driven with the casing hammer. 

Due mostly to the time required to take the soil samples, work progress with 
the rotary drill rig proved to be much slower than expected. Consequently, 
the rotary rig was assigned to other Midway Landfill work and a cable-tool 
drill rig was mobilized to complete the remaining eight gas monitor wells 
required by this subcontract. 

The cable-tool rig advances casing by driving it with a dead-weight hammer. 
The drill tool is lowered into the casing on steel cable. Borehole is made 
below the casing by dropping a heavy drill tool repeatedly onto the material 
at the bottom of the borehole. Water is added as needed to produce muddy, 
fluid cuttings. The cuttings are removed from the borehole with a trap-door 
bailer lowered into the casing after the drill tool is removed. 

The borehole was advanced five feet at a time. Once the borehole was bailed 
free of cuttings, the sampling tube was inserted in the borehole and driven 
with a down-the-hole hammer operated by the cable. The hammer weighed about 
2500 pounds. The sampler used with the cable-tool drill rig had an inside 
diameter of about five inches. It was usually driven one to two feet once in 
every five feet of borehole. 

The cable-tool rig was not significantly faster than the rotary rig. It was 
preferred over the rotary rig primarily because the cost of keeping it on the 
site was lower. In addition, the cuttings removed by the bailer were easier 
to control than the air-blown cuttings from the rotary rig. Consequently, 
the site-cleanup problem with the cable-tool rig was much easier. 

The steel casings were removed from the boreholes as the boreholes were back
filled with well screen and gravel pack. Usually the casings could be pulled 
by wrapping a choker around the casing and palling with the winch. When the 
casing was too tightly embedded to be removed by pulling, the air hammer on 
the rotary drill rig could be reversed and the casing btimped out. The cable-
tool rig could also bump casing by inserting the drill tool in the casing and 
hammering against a cap welded to the top of the casing. 

To assure the boreholes would not collapse while the casings were being 
withdrawn, the pea gravel level was kept a few feet inside the casings, 
except when the seals were being placed. 



At each well, otir engineering geologist maintained a log of each borehole, 
collected the soil samples required by the subcontract, and supervised the 
installation of the gas collecting probes. All the cuttings were removed and 
taken to Kent Highlands Landfill for disposal. 

The soil samples and the cuttings were visually classified in accordance with 
the Unified Soil Classification System, placed in closed containers and 
delivered weekly to Parametrix. The well installation logs in Appendix 6 
report the results of this visual classification. Appendix C contains a 
general description of the subsurface conditions encountered in the 
boreholes. 

While the gas monitor wells were being installed, methane was detected only 
at Well AF. The quantity of gases venting through the borehole was small. 
Maintaining the safe working environment prescribed by the Health and Safety 
Plan was never a problem. 
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A P P E N D I X B 

GAS MONITOR WELL INSTALLATIONS 

Schematic drawings of the as-built well installations are presented in this 
appendix. The approximate gas monitor well locations are described by Table 
I and Figure 1 in the main body of this report. 

The gas monitor wells consist of either two, three or four gas probes packed 
in pea gravel collection zones. Each probe uses Schedule 80 PVC slotted pipe 
within the collection zones and solid-wall PVC riser pipe to bring the gases 
collected to the ground surface. The slot width is either two hundredths or 
four hundredths of an inch. All joints are threaded and flush. No glues or 
solvents were used. The probes are closed on the bottom end with either slip 
caps or threaded caps. The top of each probe is threaded and closed off with 
a Schedule 80 1/4-inch PVC ball valve and a threaded cap. 

In each well, the deepest probe is 3/4-inch-diameter pipe and the shallower 
probes are 1/2-inch-diameter pipe. Because it was anticipated that the deep 
probes might encounter the regional groundwater table, the larger pipe was 
used to make it easier to insert the sensor used to locate the water level in 
the wells. 

In each probe, pea gravel for the collection zone was installed to a point at 
least a few feet above the uppermost slots. The seals separating adjacent 
collection zones vary in thickness from about two to five feet. The seals 
were made from bentonite pellets, except for the deepest deal in Well AF, 
where concrete grout was used. At least 100 pounds of pellets were used for 
the bentonite seals. Once in place, water was added to swell the pellets and 
activate the seals. 

To exclude surface water from the wells, a seal was placed at the ground 
surface. These seals were either concrete grout over a layer of bentonite 
pellets, or concrete grout mixed with a few percent of bentonite powder. 

Each well was secured at the ground surface with a cast iron locking cover 
twelve inches in diameter. 

The following figures are included and complete this appendix: 

Figure B.l Gas Monitor Well Yl 
Figure B.2 Gas Monitor Well Y2 
Figure B.3 Gas Monitor Well Z 
Figure B.4 Gas Monitor Well AA 
Figure B.5 Gas Monitor Well AB 
Figure B.6 Gas Monitor Well AC 
Figure B.7 Gas Monitor Well AD 
Figure B.8 Gas Monitor Well AE 
Figure B.9 Gas Monitor Well AF 
Figure B.IO Gas Monitor Well AG 
Figure B.ll Gas Monitor Well AH 



GAS MONITORING W/ELL Y i 
Logged By —^LL-

It 
P I P V 4 4 8 -

Graph US 
CS 

SM 

SP 

SM 

SP 

Soil Description 

Gray, silty, gravelly SAND, iron 
staining, moist. 

Brown SAND with some silt and a 
trace of gravel, damp. 

Brown-gray, silty, gravelly SAND. 

Brown SAND with some silt. 

Depth 
(ft.) 

_ 5 

L 10 

L 15 

20 

L 25 

30 

L 35 

L 40 

45 

L 50 

55 

Sample 

I 
I 
I 

I 

r 

. WeO bistailation 

concrete 
grout 

bentonite 
pellets 

^ 2 s Ŝ  s 

1/2" dia 
pvc 0.040'; 
slot 
10'-20' 

bentonite 
pellets. 

1/2" pvc\; 
0.040"slot 
(44'-54')\ 

probable 
top of 
steel 
casing 

bentonit 
pellets 

(cont.) 

note: Seals are 3/8 inch bentonite pellets and water; 
No methane detected while drilling ; 
Sampling done with 5 inch steel tube attached to drill rod and driven with a 
7200 ft-lbs air hammer . 
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G A S MONITORING \A/ELL Y H 
Logged By JJ 

nata 11-11-87 ELEV. 448-

Graph 

! • 

us 
cs 

SP 

ML 

SM 
GM 

GP 

ML 

GM 

SM 

Soil Description 

Brown SAND with silt, moist. L65 

170 

-75 

(Saturated) 
Tan S I L T . harf< . mn-i =;t- nro:,r^-x (-<! 

Gray-brown silty, gravelly SAND 
to silty, sandy GRAVEL, iron-
stained, moist.' 

(Increasing cobbles) 

(Increasing water) 

Brown, sandy GRAVEL , trace silt.weti 

Tan, sandv, clavev SILT, damp. 

Brown silty, sandy GRAVEL, wet. 

Brown, silty, gravelly SAND. 

Depth 
(ft.) 

.80 

85 

,90 

95 

,100 

105 

110 

115 

Sampie 

"TT" 

I 

I 

r 
I 

I 

I 

I 

I 
I 

WeO kistaflation 

1/2" dia. 
pvc 0.040" 
slot 
(58'-68') 
threaded 
end-cap 
bentonite 
pellets 

caved 
section _ - ? . 

pea gravel 
filter — 1 

steel 
casing » 

3/4" dia 
pvc 0.040" 
slot 
(97'-147') 

O • O 

note: 

(cont.) 
80 feet of casing left in borehole probably occupying section between 55 f 
and 135feet 
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G A S MONITORING \AAELLYi 
Logged By —:LL_ 
r>^, 11/11/86 ELEV. 

Graph US 
CS 

SM 

GM/ 

GP 

GP 

Soil Description 

Brown, silty, gravelly SAND , wet. 

Brown sandv GRAVEL with some silt 
and occasional cobbles, wet. 

Brown, sandy GRAVEL with some 
cobbles, trace silt, moist. 

Depth 
(ft.) 

125 

130 

135 

140 

145 

Sample 

X 

I 

I 

3/4" dia 
pvc 0 
slot 

(97'-147') 

probable 
bottom of 
steel 
casing 

note: Well completed at 148^ feet; 
No methane detected during or shortly after drilling. 
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G A S MONITORING XA/ELLYS 
Logged By. 

Date 

JJ 

11-19-87 ELEV. __£5§1. 

Graph 

! • 

US 
cs 

SM 

SP 

SM 

SP 

Soil Description 

Gray, s i l t y , g rave l ly SAND, iron 
s t a i n i n g , mois t . 

Brown SAND with some s i l t and a 
t r a c e ot g r a v e l , damp.. 

Brown-gray, s i l t y , gravelly SAND. -

Brown SAND with s i l t , moist. 

Depth 
(ft.) 

L 5 

L 10 

L 15 

20 

25 

: . 30 

L 35 

L 40 

1 45 

'_ 50 

• 55 

Sample 

note; 

WeO kistaflation 

concrete 
grout 

1/2" dia. 
pvc 0.040" 
slot 
IS'-STO 

pea gravel 
filter J 

friction, 
end-cap 

bentonite 
pellets 

1/2" dia. 
pvc 0.040" 
slot 
:49'-75') 
pea gravel 
filter ^ 

Y2 drilled 7^ feet south of Yl; (cont.) 

Shallow probe is plugged by grout from the top seal; 
Cuttings sampled at 5 foot intervals, soils described by correlating with Yl. 
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G A S MONITORING \A/ELLYS 
JJ Logged By. 

n , . , n - 1 9 - 8 7 Fl FV 448 -

Graph 
US 
CS 

Soil Description Depth 
(ft.) 

Sample Wei Installation 

SP 

r. 

JIL 

SM 
GM 

GP 

ML 

GM 

SM 

Brown SAND with silt, moist. L 65 

L 70 

1-75 

Saturated 
Tsn STTT. mnidf. nrganigs. 

Gray-brown silty, gravelly SAND 
to silty, sandy, GRAVEL, moist. 

(TILL) 

Increasing cobbles. 

Increasing water. 

Brown, sandy GRAVEL, trace silt, 
wet. 

Tan, sandy, clavev SILT, damp. 

. 80 

- 85 

L 90 

- 95 

L 100 

:. 105 

- 110 

friction 
end-cap .. 

bentonite 
pellets 

1/2" dia. 
pvc 0.040" 
slot 

(87'-107') 

pea gravel 
filter — ? • 

threaded 
end-cap 

bentonite 
pellets 

Brown silty, sandy GRAVEL, wet. 115 

Bro\ifn, s i l t y , gravelly SAJJD. wet. 

« « 0 o — 
o • • o — 

, 0 0 " = 

— o 

- • • » ^w 
(cont.) 

note: Cuttings sampied at approximately 5 foot intervals. 
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G A S MONITORING \A/EL.LY2 
JJ Logged By 

Data .21=12=31. ELEV. 
+ 

448 -

Soil Description Depth 
(ft.) 

Sample Well Installation 

Brown, silty, gravelly SAND, wet. 

Brown sandy GRAVEL with some silt 
and occasional cobbles, wet. 

Brown, sandy GRAVEL with some 
cobbles, trace silt, moist. 

125 

130 

135 

140 

145 

3/4" dia. 
pvc .040" 
slot 

:il8'-148!) 

pea gravel 
filter ' 

note: Well completed at 148 feet; 
No methane detected during or shortly after drilling; 
Cuttings sampled at 5 foot intervals. 

Sheet 3 of 3 

TERRA 

ASSOCIATES 

Geotechnical Consultants 

MIDWAY LANDFILL 
REMEDIAL INVESTIGATION 

KING COUNTY, WA 

Proj. No.250-4 Date 12/86 {Figure B . 2 C 



G A S M O N I T O R I N G VA^ELL Z 
Logged By, 

Date, 

JJ 

12-19-87 F I F V ^ 0 0 -

Graph 
US 
CS 

Soil Description Depth 
(ft.) 

Sample Well Installation 

SM 

SM 

SP 

Brown,silty, gravelly SAND, trace f 
wood debris, very moist. (FILL) 

-5 

Gray, silty, gravelly SAND, moist, 
(TILL) 

-10 

-15 

Brown SAND with some silt, trace 
gravel, moist. 

-20 

-25 

30 

-35 

Brown sandy GRAVEL some silt, moist.. 
.40 

Gray, silty, gravelly SAND, wet to 
very moist, (TILL) 

-45 

50 
Gray, silty ,sandy GRAVEL , damp to 
moist. 

-55 

Gray, sandy GRAVEL, wet. 

I 

X 

I 

NR 

concrete 
grout" 

i" dia. 
pvc 0.020 

(7'-17^ 

bentonite 
pellets-

pea gravel-

i" pvc 

0.020" slot 

(25'-350 

bentonite 
pellets 

pea gravel 

_ o » • o 

- a . o 

• , - o 

• • • T • 

°- . -

(cont.) 

note: No methane detected during drilling; 
Water encountered at 34 feet; 
NR" no sanple recovery. 
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G A S MONITORING VN/ELL Z 
Logged By . i J -

Date 12-19-87 Fl PV ^00 -

Graph Soil Description Depth 
(ft.) 

Sample Well Installation 

GW 

SM 

{ • • '• 

l» 

GM 

GW 

Gray,sandy GRAVEL with some silt, 
wet. 

Gray, silty. gravelly SAND, moist. 
(TILL) 

7 60 

-65 

70 

t75 

Brown, silty, sandy GRAVEL with some 
cobbles, iron stained, wet 

-80 

-85 

-90 

-95 

Brown, sandy GRAVEL with some silt, 
occasional cobbles, wet, dense. 
Interbedded, brown, sandy GRAVEL, 
trace silt, wet. 

—100 

-105 

-110 

-115 

pea gravel 
filter — ' • 

I 
I 

I 
NR 

NR 

3/4" pvc 
D.020" slot̂  
C45'-137') 

I 
NR 

'»°. 

o • . . 

note; 

(cont.) 

No methane detected during drilling; 
NR" no sample recovery 
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G A S MONITORING VVELL Z 
Logged By J ^ 

DateJ^:J±:SL PI PV ^00 -

I 

f 
I 
I 
I 

Graph Soil Description Depth 
(ft.) 

Sample Well Installation 

HL 

SM 

Brown, sandy GRAVEL with some silt, 
occasional cobbles, wet . 

L 120 

l 125 

Ll30 

Biue-gra7.sandv SILT, moist. - 135 

Brown to gray, silty, gravelly SAND, 
some iron staining, moist to wet . 

- 140 

' - 145 

- 150 

note: Well completed at 152 feet; 
No methane detected during drilling; 
Some seepage at 125 feet; 
Casing drive shoe cut off at 137 feet. 

3/4" pvc 
0.020" s l o 

(45 ' -137 ' ) 

a o 0 
I 

• e o . 
o ^ o , 

" . : 
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G A S MONITORING W/ELL A A 
Logged By - J J -

ELEV. 387 t 

Graph 

! • 

us 
cs 

SM 

GM 

GM 

SM 

: GM 

Soil Description Depth 
(ft.) 

Gray, silty SAND with gravel, 
occasional cobbles, damp. 

(TILL) 

Interbedded, gray, silty, sandy 
GRAVEL, damp. 

Gray, clayey,silty SAND, damp. 

Gray, silty, sandy GRAVEL, very 
moist to wet. 

_ 5 

10 

15 

20 

25 

30 

35 

40 

45 

50* 

55 

(cont.) 

note: No methane detected during drilling; 
water at 48'-50'. 

Sample 

x 

I 

I 
z 

X 

I 

I 

X 

I 

I 

Wei: Installation 

concrete 
grout 

1/2" pvc 
.020" slot 
(8.5'-38.5) 

pea gravel 
filter —> 

bentonite 
pellets' 

3/4" pvc 
.020" slot 
49'-69') 

<=:» 

.̂Am 
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G A S MONITORING \A/EI.L A A 
Logged By «->JJ. 
n ^ - 1-8-87 PlPV 387-

Graph 
US 
CS Soil Description Depth 

(ft.) 
Sample Well Installation 

GM Brown to gray, sandy GRAVEL with 
some silt, very moist to wet . 

SP Brown SAND with some silt and gravel 
very moist to wet . 

- 6 5 

- 7 0 

GM 
Brown, sandy GRAVEL with silt and 
occasional cobbles, very moist; 

- 7 5 

80 

GW 
Brown, sandy GRAVEL trace silt, iron 
stained, wet • 

r 8 5 

- 9 0 

GM Gray to brown, silty, sandy GRAVEL, 
aome cobbles, very moist. 

- 9 5 

- 100 

no te : Well completed a t 101-^ f ee t ; 
note". No methane detected during d r i l l i n g ; 

Seepage a t 71 f e e t , 
Ssepage at91 fee t ; 
NR= no .sample recovery . 

sheet 2 of 2 

I 

I 

I 

I 

I 
NR 

X 

-X 

3/4" pvc 
0.020"slot 

(49'-eg") 

bentonite 
pellets. 

3/4" pvc 
.020" slot 
77'-100' ) 

pea gravel 
filter 

TERRA 

ASSOCIATES 

Geotechnical Consultants 

MIDWAY LANDFILL 
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KING COUNTY, WA 
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GAS MONITORING \A/EL.L AB 
Logged By. JJ 

Date. 1-16-87 ELEV. 27R± 

Graph 

i» 

US 
CS 

SM 

SM 

SM 

SP 

SM 

G?-l 

^ 

;: GM 

SP 
_1L 

Soil Description 

Brown, silty SAND, wet .(FILL) 

Brown, silty SAND, wet. -5 

Gray to brown, gravelly, silty SAND, 
some clay, wet. (TILL) -10 

Brown SAND with some silt, trace 
gravel, wet. 

-15 

120 

Gray, silty, gravelly SAND, patchy 
iron staining, very moist. 

Brown, silty, sandy GRAVEL, wet. 

Interbedded, brovm SAND, wet. 

Brown SAND ,wet. 

Gray, sandv STT.T. mnist. 

Depth 
(ft.) 

r 2 5 

1 3 0 

- 3 5 

- 4 0 

- 4 5 

- 5 0 

- 5 5 

- 6 0 

Sampie 

X 

X 

I 
I 

X 

X 

X 

I 

note: Well completed at 63 feet on 1-15-87; 
No methane detected during drilling: 
Water and heaving sand at 12-25 feet; 
Seepage below 38 feet, heavy seepage at 60 feet. 

sheet 1 of 1 

Well Installation 

concrete 
grout » 

1/2" pvc 
.020 slot 

(7'-23')~' 

pea gravel 
filter—9 

bentonite 
pellets-

1/2" pvc 
.020" slot 

(.30'-35') 

bentonite 
pellets 

caved 
section' 

3/4" pvc 
0.020"slot 
(50'-60') 

pea gravel 
filter — 

_' => » 
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G A S MONITORING \A/ELUAC 
Logged By. 

Date 

JJ 

1-26-87 ELEV. 316-

Graph 
US 
CS 

SM 

Soil Description 

Brown, gravelly SAND with silt, wet.. 

Brown to gray, silty, gravelly SAND, 
interbedded mottled, sandy silt, wet 
to moist.(TILL) 

Gray, silty, gravelly SAND, some 
cobbles, ooist. 

Interbedded gravelly SAND, very 
moist to wet. 

Depth 
(ft.) 

- 5 

1 10 

- 15 

20 

r ̂ ^ 

7 30 

- 35 

L 40 

- 45 

Sample 

I 

I 
I 

I 

I 

I 

I 

X 

Well Installation 

concrete 
grout — 

1/2" pvc 
.020" slot 

(9*-29') 

pea gravel 
filter—^ 

bentonite 
pellets' 

1/2" pvc 
.020" slot 
(35'-50') 

o .• . 

( con t . ) 
note : NQ methane detected during d r i l l i n g ; 

Seepage a t 4 ' ; 
Seepage a t 3 1 ' ; 
Seepage a t 4 3 ' . 
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G A S M O N I T O R I N G \A/ELL A C 
Logged By. 

Date. 

J J 

1/26/87 ELEV. 3 1 6 -

Graph 
US 
CS 

Soil Description Depth 
(ft.) 

Sampie Well Installation 

SM 

GM 

) i iAA^ SP 

Gray, sravelly, silty SAND, noist. 

1 55 

- 60 

- 65 

Gray-brov/n, weathered, sandy GRAVEL 
with silt and occasional cobbles, 
wet. 

L 70 

3rov/n SAND with some silt, wet. - 7 5 

z 

z 

X 

bentonite 
pellets—* 

pea gravel 

filter—^ 

3/4 " pvc 
.020" slot 

(60'-75') 

! • 

Well completed a t 77 fee t on 1-23-87; 
No methane detected during d r i l l i n g ; 
Seepage a t 5 0 ' ; 
Seepage a t 6 3 ' ; 
seepage a t 7 5 ' . 
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G A S M O N I T O R I N G ^AAEI-t. A D 
Logged By JJ 

Date. 2-13-87 ELEV. 375i 

GM 

GW 

Soil Description 

Brown, s i l t y grave l ly SAND, v/et(FILL-
Brown, gravelly SAliD, wet. 
Brown SAND ,moist . - 5 

Gray, silty, gravelly SAND interbed
ded with poorly graded sand,moist. 

Brown, sandy GRAVEL, moist to wet. 

10 

15 

- 20 

1 25 

Tan and gray, silty, sandy GRAVEL, 
wet. 

Interbedded, weathered, silty, sandy 
GRAVEL. 

Tan and gray, sandy GRAVEL with 
some silt and cobbles,v/et. 

Interbedded, weathered,silty, sandy 1 
GRAVEL. 

Depth 
(ft.) 

- 30 

35 

- 40 

- 45 

50 

55 

Sampie 

I 
X 

X 

X 

X 

X 
NR 

I 
z 

Well Installation 

concrete 
grout-

pea gravel 
filter-

1/2" pvc 
.020" slot 
8'-23') 

bentonite 
pellets 

caved 
section" 

t,z 

pea gravel 
filter-

3/4" pvc 
.020" slo 
(35'-100*) 

o • ̂  o < 

« o o * 
o • • . c 
• oo — 

. O o 

note: No methane detected during drilling; 
Seepage at 20'-25' ; 
NR*" no sample recovery. 

sheet 1 of 2 

(cont.) 

TERRA 

ASSOCIATES 

Geotechnical Consultants 

MIDWAY LANDFILL 
REMEDIAL INVESTIGATION 

KING COUNTY, WA 

Proj. No. 250-4 Date 4/87 [Figure B.7a 



GAS MONITORING \A/EU.AO 
Logged By, 

Date 

J J 

2-13-87 ELEV.. 375i 

Graph US 
CS Soil Description Depth 

(ft.) 
Sample Well Installation 

GW 

GM 

GW 

! • 
GM 

Brô «m, sandy GRAVEL, very moist. 

L65 

70 

Brovm- multicolored, silty, sandy 
GRAVEL with cobbles, moist. 

-75 

L80 

Bro\m- gray, sandy GRAVEL with silt 
and occasional cobbles, moist to wet 

Multicolored, silty, sandy GPJVVEL, 
moist. 

-85 

k 

^90 

-95 

100 

Z 

Z 

X 

pea gravel 
filter-—' 

3/4" pvc 
.020" slot 
(35'-100') 

X 

X 

I 

' 0,0-

•o 

QO O O 

0* 
0 • 0. 

a a 

note:' Well completed at 102 feet on 2-4-87; 
No methane detected during drilling; 
No seepar̂ e noticed during drilling. 
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G A S MONITORING \A/EL.L A E 
Logged By. 

Date. 

J J 

3-5-87 ELEV, 296-

Graph 

GW 

ML 

SM 

ML 

SM 

SW 

SM 

Soil Description 

Brown, sandy GRAVEL with some s i l t , 
t r ace organics , wet. (FILL) 

Gray, sandy SILT,trace g rave l , 
wet. " 

Interbedded, s r ay , s i l t y , gravel ly 
SAND, wet. -

Gray, f ine-gra ined , s i l t y S;\ND, 
very moist. 

Gray, laminated SILT with sand. 

Gray, s i l t y SAND \/ i th g rave l , moist 
(TILL) 

Gray, gravelly SAND, wet. 

Gray, s i l t y SAND with gravel(TILL) 

Depth 
(ft.) 

_ 5 

Lio 

- 1 5 

•20 

.25 

- 3 0 

•35 

•40 

.45 

Sample 

I 
I 
I 

I 

X 

X 

X 

X 

Well instal lat ion 

concrete 
grout 

bentonite-

pea gravel 
filter — ^ 

1/2" pvc 
.020 slot 
(6'-26') 

bentonite 

pellets-

pea gravel 

filter—^ 

3/4" pvc 
.020" slot 
(31'-49') 

• rs o ' 

. • • o .« = 

note: Well completed at 49 feet on 3-3-87; 
No methane detected during drilling; 
Boulder hit at 49 feet. 
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G A S MONITORING \A/EUL A F 
Logged By. J J 

Oa., 3-2-87 PIPV ^08 t 

Graph US 
CS 

SW 

'S>i 

Soil Description 

Brown, silty gravelly SAND, wet(FILL" 

Brown to gray, gravelly, silty SAND, 
moist. (TILL) 

Interbedded, brown SAND with some 
gravel and trace silt, damp. 

- 5 

L 10 

- 15 

L 20 

Brown,gravelly SAND with occasional 
cobbles and trace silt,moist. 

Brovm to gray, silty SAND with some 
gravel, iron stained, very moist. 

Depth 
(ft) 

7 25 

- 30 

35 

- 40 

45 

I- 50 

(.cone.) 
note: No methane detected during drilling; 

Minor seepage at 35 feet. 

Sample 

I 
X 

z 
X 

Weil Installation 

concrete 
grout 

sand 

pea gravel 
filter —' 

1/2" pvc 
.020" slot 
:7'-27') 

bentonite 
pellets• 

pea gravel 
filter ' 

3/4" pvc 
.020" slot 
(35'-75' ) 
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G A S MONITORING \A/EI.L A F 
Logged By, 

Date, 

J J 

3-2-87 P I P V ^ 0 8 -

Graph US 
CS 

Soil Description Depth 
(ft.) 

Sampie Well Instal lat ion 

GM 

SW/ 
GW 

SP 

Brovm, mult icolored, v/eathered, 
sandy GRAVEL with s i l t , w e t . ,60 

Broun, gravelly SAND with trace silt^55 
and occasional cobbles, wet. 
Interbedded, gray-brown, candy 
GRAVEL, vet. r 70 

Gray to brown SAND with some gravel 
and trace silt, heaving, wet, inter
bedded tan, sandy SILT, wet. 

-75 

-80 

Blue-gray, laminated SILT, damp. -85 

Tan, multicolored, weathered, 
silty, sandy GRAVEL, wet. 

Interbedded brown, sandy GRAVEL, 
moist. 

-90 

-95 

— 100 

-105 

I 

X 

X 

I 

I 
I 

pea gravel 
filter—» 

3/4" pvc 
.020" slot 
(35'-75') 

sand filter' 

pumped 
concrete 
grout 

sand filter 

pea gravel 
filter — 5 

3/4" pvc 
.020" slot 
(95*-150')' 

o ^ 

.• o •• 

(cont.) 
note: N© methane detected during drilling to 105'; 

Artesian groundwater encountered at 62' 
Heaving sand encountered at 72'-84'. 
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G A S MONITORING \A/E1.L A F 
Logged By_JJ_ 

n . f 3-2-87 • E L E V . i 2 i ^ 

Graph US 
CS Soil Description Depth 

(ft.) 
Sampie Weil Installation 

GM/ 

GP 

Brovm, multicolored, weathered 
sandy GRAVEL with silt and occasion
al cobbles, wet. 

! • 

- 115 

7 120 

- 125 

1130 

'- 135 

1 140 

1 145 

-150 

pea gravel 
filter—) 

3/4" pvc 
.020" slot 

(95'-150') 

note: Well completed at 152 feet on 2-25-87; 
Methane detected at 138 feet, up to 168% LEL; 
Trace H2S detected at 150 feet, up to 2ppn; 
Methane again detected at 150 feet, up to 164% LEL. 
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G A S MONITORING \A/EI.I-AG 
JJ Logged By 

n . . , 3-12-87 ELEV. 418 i 

Graph 

Â  
• • ; • : : • ; • 

• • • : • • ; ; , 

WAm. SP 

us 
cs 

SM 

Soil Description 

Brown and tan, silty SAND with 
gravel, damp to wet. 

Brovm SAND trace silt, wet. 

Brown, multicolored, weathered, 
sandy GRAVEL vri.th silt and occas
ional cobbles, very moist. 
Interbedded silty SAND v̂ ith gravel, 
and brovm SAND, moist. 

Light gray, silty clay, damp. 

Depth 
(ft.) 

- 5 

10 

-15 

L20 

-25 

.30 

— 35 

— 40 

— 45 

— 50 

Sample 

I 
X 

X 

I 

I 

Well Installation 

concrete 
grout• 

pea gravel 
filter—^ 

1/2" pvc 
.020" slot 

K6'-26!) 

bentonite 
pellets—^ 

pea gravel 
filter — ^ 

3/4" pvc 
.020" slot 
(33'- 50' )• 

, 0 = 0 

note"! Well completed at 51i feet on 3-12-87; 
No methane detected during drilling; 
Seepage at 15 feet; 
Seepage at 20 feet. 
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G A S MONITORING AA/ELL A H 
Logged By - J i _ 

Data. 3-26-87 ELEV.359±_ 

Graph 

•• SM 

i 

SM 

Soil Description 

Brown, silty SAND with gravel, wet, 
• (FILL) 

Depth 
(ft.) 

Brovm, silty SAND with gravel, moistf 
to wet. (TILL) 

- 5 

L l O 

- 1 5 

Brown, mul t i co lored , vi^eathered, 
sandy GRAVEL with s i l t and occasion-^ 
a l cobbles , mois t . - 20 

Interbedded, sandy GRAVEL, trace 
silt. 

Brovm, sandy GP^AVEL,trace silt, 
occasional cobbles and brown, 
gravelly SAND, wet. 

Brown, multicolored, weathered, [L. 50 
sandy GRAVEL vri.th silt and occasion; 
al cobbles, moist to wet. 

- 25 

- 30 

L.35 

— 40 

- 45 

Sample 

r 
I 
i 

Wiell Installation 

concrete 
grout 

sand filt 

pea gravel 
filter 

1/2" pvc 
.020" slot 
:9'-23^ 

bentonite 
pellets• 

pea gravel 
filter ' 

1/2" pvc 
.020" slot 

l:28'2"-67'6" 

a < 

« o 

• a 

note: N o methane detected during drilling 
A rtesian groundwater encountered at 45 feet 

sheet 1 of 2 

TERRA 

ASSOCIATES 

Geotechnical Consultants 

MIDWAY LANDFILL 
REMEDIAL INVESTIGATION 

KING COUNTY, WA 

Proj. NO250-4 Date 4/87 Figure B . l l a 



G A S MONITORING \A/EL.L A H 
JJ Logged By, 

n ^ . 3-26-87 PI FV ?SQt 

Graph 
US 
CS Soil Description Depth 

(ft.) 
Sample "Well Installation 

GM / 
GP 

ML 

SM 

GM/ 
GP 

"[.. 

[12 ii 

Brovm, multicolored, weathered, 
sandy GRA'/EL \/ith silt and some 
cobbles, moist to wet. 
Interbedded brown, gravelly SAND, 
wet. 

- 60 

L 65 

Dark gray SILT with some sand, trace 
gravel, very moist to damp. 

3rov/n, silty SAND with some gravel, 
moist. 

- 70 

L 75 

- 80 

Brovm, multicolored, weathered 
sandy GRAVEL v/ith silt and occasion-h 
al cobbles, very moist. 
Interbedded gravelly SAND, v/et and 
silty SAND v-ath gravel. 

85 

90 

f—95 

— 100 

— 105 

X 

NR 

pea gravel 
filter — 

1/2" pvc 
.020" slot 
(28'2"-67'6") 

bentonite p?;? 
pellets — 

- "HI 

pea gravel 
filter ' 

3/4" pvc 
.020" slot 
(75'-105*4';) 

note: WelT~compIeted at 106 feet on3-25"-B7; 
No methane detected during drilling 
Seepage at 100 feet; 
Artesian groundwater encountered at 106 feet! 
NR= no sample recovery. 
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A P P E N D I X C 

SUBSURFACE CONDITIONS 

Visual classifications of the soils encountered in the gas monitor well 
boreholes are included on the well installation logs in Appendix B. 

In general, the soils encountered in the well boreholes are tills underlain 
by advance outwash. The lowest unit encountered is a multicolored, silty, 
sandy gravel of uncertain origin. All units are interbedded with thin layers 
of lacustrine silt. 

The natural tills are gravelly silty sands with cobbles. Because these soils 
were laid dovm beneath a glacier, the various grain sizes are thoroughly 
mixed and the material is dense and generally has low permeability. The 
tills that could be identified ranged up to 60 feet in thickness. 

The advance outwash soils are believed to have been deposited by glacial 
melt-water streams. Consequently, they exhibit the grain-size sorting 
characteristic of fluvial soils. Because they were overridden by the glacier 
after they were deposited, they typically are nearly as dense as the tills. 

Outwash material observed in the boreholes ranged from silts to sandy gravels 
with occasional cobbles. The finer-grained material generally was observed 
closer to the overlying till. Because the deeper, coarser-grained sandy 
gravels may be the principal gas-bearing strata, penetration of such strata 
by the gas monitor wells was considered desirable. 

Groundwater was encountered in almost all the boreholes, often at more than 
one depth. Perched water tables and seepage zones were noted in all of the 
units described above. Based on water levels observed in the deep probes, 
the regional water table in this vicinity probably lies at about Elevation 
250 to 300 feet. 
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1.0 INTRODUCTION 

The Midway Landfill is located within the City of Kent approximately 15 miles 
south of the City of Seattle. The landfill occupies a 60 acre site located 
between Interstate 5 and Highway 99, north of 252nd Street. In January 1966, 
the City of Seattle leased the site and began using it as a landfill. The 
landfill received demolition debris from commercial haulers and wood wastes 
and yard trimmings from the City's transfer stations. Records beginning in 
1978 indicate that some industrial wastes also were deposited with the 
approval of the Seattle-King County Health Department. Information included 
in EPA's Emergency and Remedial Response Information System (ERRIS) files 
indicates that the landfill may have received industrial liquid and sludge 
wastes before 1980. It was closed in 1983, although clean soil materials 
from excavation projects are still accepted at the site to assist in final 
grading and cover. During the course of operations at the landfill, an 
estimated 3 million cubic yards of solid wastes were deposited. The waste 
covers approximately 40 acres and is over 100 feet deep in places. 

Beginning in September 1985, the City of Seattle and the Department of 
Ecology began emergency remedial measures to prevent methane from reaching 
explosive levels in structures around the site. Included in these remedial 
measures was the installation of several offsite gas extraction wells. 
Nineteen of these wells have been installed. Due to reductions in gas 
concentrations over time, only five of these control wells are still in 
operation. Their locations are shown on Figure C-3. A table, indicating 
blower horsepower, depths, screened intervals, and operating status is shown 
on Table C-l. 
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TABLE c-l 
CONTROL WELL INFORMATION 

WELL 

kkkkXX* 

C-l 
C-2 
C-3 
C-4 
C-5 
C-6 
C-7 
C-8 
C-9 
C-10 
C-11 
C-12 
C-13 
C-14 
C-15 
C-16 
C-17 
E-1 
E-2 

DATE 
COMPLETED 

k k k k k k k k k k k k 

12/23/85 
12/31/85 
12/30/85 
01/21/86 
02/03/86 
05/14/86 
05/16/86 
05/19/86 
05/20/86 
05/22/86 
06/02/86 
06/04/86 
08/26/86 
09/09/86 
09/16/86 
11/25/87 
11/19/87 
N/A 
01/23/86 

INSTALLED 
BY 

INSTALLED 
FOR 

Xkk*kkkkkk-k*****-k-k-k-k***-k-* 

TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
TERRA 
PMX 
PMX 
HART/CRO 
HART/CRO 

CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
CITY 
DOE 
DOE 

DIST 
TO 
SCRN 
TOP 

****** 

7 
10 
10 
9 
8 
8 
11 
10 
11 
9 
5 
10 
21 
40 
29 
20 
20 
N/A 
20 

DIST 
TO 
SCRN 
BOT 

* A A A * 

55 
58 
58 
58 
76 
95 
79 
66 
59 
77 
73 
67 
101 
95 
93 
120 
120 
N/A 
83 

LGT 
OF 
SCRN 

***** 

48 
48 
48 
49 
68 
87 
68 
56 
48 
68 
68 
57 
80 
55 
64 
100 
100 
N/A 
63 

BLWR 
SIZE 

***** 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
5.0 
5.0 
5.0 
*A* 
1.5 
5.0 
5.0 

CASG 
SIZE 

***** 

3" 
3" 
3" 
3" 
3" 
3" 
3" 
3" 
3" 
3" 
3" 
3" 
4" 
4" 
4" 
4" 
4" 
4" 
4" 

STA 

Arifr4rA' 

OFF 
OFF 
OFF 
OFF 
OFF 
*T* 
*T* 
OFF 
OFF 
OFF 
OFF 
ON 
OFF 
OFF 
OFF 
*A* 
*T* 
OFF 
OFF •• 

*A* = Well is drilled, but is not attached to a blower yet. 
*T* = Well is throttled to a low vacuum. 
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2.0 EXISTING CONDITIONS 

Prior to this remedial investigation, in the winter of 1986, landfill gas was 
found to have migrated extensively from the Icindfill to the north-west 
creating offsite reservoirs of gas in shallow soil zones in concentrations 
over 80^ by volume, see Figure C-l. Landfill gas was also found to have 
migrated in shallow soil zones to the north, west, south-west and to the east 
in concentrations over 40% by volume. This shallow gas reservoir was found 
to be seeping into the basements and crawl spaces of some residences and 
businesses in the area. Eleven homes were evacuated in November, 1985, due 
to levels of methane gas above acceptable limits. 

Landfill gas was also found to have migrated offsite in deep soil zones in 
concentrations over 70% by volume to the east of the landfill and over 55% by 
volume in other areas around the site during this same time period, see 
Figure C-2. 
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Note: All sets of probes and 
wells may not be shown. 

SCALE IN FEET 

500 1.000 

Figure C-1 
Shallow Gas Concentration 
Isopleth, February, 1986 
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Figure C-2 
Deep Gas Concentration 
Isopleth, February, 1986 
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3.0 OBJECTIVE 

3.1 Attempt to Reduce Offsite Gas Concentrations 

Results of monitoring programs conducted by the City and WDOE revealed that 
an extensive reservoir of gas had accumulated off-site from the landfill. 
This accumulation had caused gas concentrations above acceptable limits in 
several neighborhood homes and businesses structures. Offsite control wells 
were installed to reduce methane concentrations in these homes and businesses 
and to remove the gas from the surrounding soil. 

As shown on Figure C-3, 19 offsite control wells were installed by the City 
and WDOE in various locations around the landfill. These sites were chosen 
because of the unacceptable levels of methane detected near the surface or in 
nearby structures, or in the case of C-16 and C-17, over 40 feet deep in the 
soil. The control wells are designed to remove gases from the well's radius 
of influence and discharge them through an activated charcoal filter to the 
atmosphere. Analysis of the discharge from these wells has shown that no 
health hazard are created by venting them to the atmosphere. See Table C-2. 

3.2 Evaluate Effectiveness of Offsite Gas Control Veils 

An evaluation of the effectiveness of offsite control wells in reducing gas 
concentrations in structures and in shallow soil near the offsite control 
wells was accomplished by studying the gas measurements recorded in struc
tures and in monitoring probes near the offsite control wells prior to and 
after the start-up of the offsite control wells. These readings made it 
possible to determine the need if any for additional offsite control wells 
and to ascertain the point at which the offsite control wells had effectively 
removed the gas within their radius of influence and could be shut down. 

It is possible for offsite control wells to draw landfill gas away from the 
landfill. To help prevent this, an on-site migration control system must be 
in operation before offsite control wells are started up. It is important to 
study the field data recorded in the monitoring probes between the landfill 
and the offsite control well t o assure that this phenomena does not occur. 

3.3 Determine the Zone of Influence of Selected Offsite Gas 
Control Wells 

Selected offsite control wells and probes near those wells were monitored 
upon start-up to determine the area of influence of the control wells and 
provide engineering data for the design and location of additional control 
wells. A further discussion of these investigations is included in Section 
4.4 of this report. 
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Midway Landfill RI — City of Seattle 
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ATHLETIC 
FIELD 

Source: Ecology. February 26. 1986 

SCALE IN FEET 

500 1.000 

p.-̂  ^ Ecology Extraction 
Well 

C-K City of Seattle 
Extraction Well 

Figure C-3 
Location of Offsite 
Control Wells 
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TABLE C-2 
CONCENTRATIONS OF ORGANIC COMPOUNDS IN SAMPLES COLLECTED 

FROM THE DISCHARGE TO ATMOSPHERE OF CONTROL WELLS 
IN THE VICINITT OF THE MIDVAT LANDFILL 
ALL RESULTS REPORTED AS uL/L (ppm) 

COMPOUND C-l 
CONTROL WKT.T. 

C-2 
******************************************* 

Vinyl Chloride 
Chloroethane 
Chloromethane 
1,1-Dichloroethylene 
Methylene Chloride 
trans-1,2-Dichloro-

ethylene 
1,1-Dichloroethane 
Chloroform 
1,1,1-Trichloroethane 
Carbon Tetrachloride 
1,2-Dichloroethane 
Trichloroethylene 
1,1,2,2-Tetrachloro

ethane 
1,1,2,2-Tetrachloro-

ethylene 
Acetone 
Carbon Disulfide 
Benzene 
Toluene 
p-Xylene 
o-Xylene/Styrene 
Ethylbenzene* 

<1.0 
<0.5 
<1.0 
0.04 
<0.005 

<0.005 
<0.005 
<0.01 
0.04 
<0.01 
<0.01 
<0.01 

<0.01 

0.04 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

<1.0 
<0.5 
<1.0 
<0.005 
0.02 

<0.005 
<0.005 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

<0.01 

<0.01 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

C-3 
********** 

1.0 
<0.5 
<1.0 
<0.005 
<1.0 

<0.005 
<0.005 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

<0.01 

0.02 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

C-4 
I t * * * * * * * * * 

<1.0 
<0.5 
<1.0 
<0.005 
<0.005 

<0.005 
<0.005 
<0.01 
0.04 
<0.01 
<0.01 
<0.01 

<0.01 

<0.01 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

C-5 
******** 

<1.0 
<0.5 
<1.0 
<0.005 
0.02 

<0.005 
<0.005 
<0.01 
0.04 
<0.01 
<0.01 
<0.01 

<0.01 

0.04 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

* - Based on response for toluene 

Note: This is a complete list of all compounds analyzed. 
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TABLE C-2 (cont.) 
CONCENTRATIONS OF ORGANIC COMPOUNDS IN SAMPLES COLLECTED 

FROM THE DISCHARGE TO ATMOSPHERE OF CONTROL WELLS 
IN THE VICINITY OF THE MIDVAT LANDFILL 
ALL RESULTS REPORTED AS uL/L (ppm) 

COMPOUND C-6 
********************************* 

Vinyl Chloride 
Chloroethane 
Chloromethane 
1,1-Dichloroethylene 
Methylene Chloride 
trans-1,2-Dichloro-

ethylene 
1,1-Dichloroethane 
Chloroform 
1,1,1-Trichloroethane 
Carbon Tetrachloride 
1,2-Dichloroethane 
Trichloroethylene 
1,1,2,2-Tetrachloro

ethane 
1,1,2,2-Tetrachloro-

ethylene 
Acetone 
Carbon Disulfide 
Benzene 
Toluene 
p-Xylene 
o-Xylene/Styrene 
Ethylbenzene* 

<1.0 
<0.5 
<1.0 
<0.005 
0.05 

<0.005 
<0.005 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

<0.01 

0.02 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

CONTROL WELL 
C-7 

********** 

<1.0 
<0.5 
<1.0 
<0.005 
<1.0 

<0.005 
<0.005 
<0.01 
0.08 
<0.01 
<0.01 
<0.01 

<0.01 

<0.01 
<0.5 
<0.5 
<0.2 
20 
<0.5 
<0.5 
<0.5 

C-8 C-9 
********************* 

<1.0 
<0.5 
<1.0 
<0.005 
<1.0 

<0.005 
<0.005 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

<0.01 

0.02 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

1.0 
<0.5 
<1.0 
<0.005 
0.2 

<0.005 
<0.005 
<0.01 
<0.01 
0.01 
<0.01 
<0.01 

<0.01 

<0.01 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

C-10 
'frk^'k'ii 'ic'^ 

<1.0 
<0.5 
<1.0 
<0.005 
0.05 

<0.005 
<0.005 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

<0.01 

0.02 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

* - Based on response for toluene 

Note: This is a complete list of all compounds analyzed. 
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TABLE C-2 (cont.) 
CONCENTRATIONS OF ORGANIC COMPOUNDS IN SAMPLES COLLECTED 

FROM THE DISCHARGE TO ATMOSPHERE OF CONTROL WELLS 
IN THE VICINITY OF THE MIDVAY LANDFILL 
ALL RESULTS REPORTED AS uL/L (ppm) 

COMPOUND C-12 
********************************* 
Vinyl Chloride 
Chloroethane 
Chloromethane 
1,1-Dichloroethylene 
Methylene Chloride 
trans-1,2-Dichloro

ethylene 
1,1-Dichloroethane 
Chloroform 
1,1,1-Trichloroethane 
Carbon Tetrachloride 
1,2-Dichloroethane 
Trichloroethylene 
1,1,2,2-Tetrachloro-

e theme 
1,1,2,2-Tetrachloro-

ethylene 
Acetone 
Carbon Disulfide 
Benzene 
Toluene 
p-Xylene 
o-Xylene/Styrene 
Ethylbenzene* 

<1.0 
<0.5 
<1.0 
<0.005 
<1.0 

<0.005 
<0.005 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

<0.01 

<0.01 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

CONTROL WKT.T. 
C-13 

************ 
<1.0 
<0.5 
<1.0 
0.1 
<1.0 

<0.005 
<0.005 
<0.01 
0.1 
<0.01 
<0.01 
0.04 

<0.01 

<0.01 
<0.5 
<0.5 
<0.2 
20 
<d.5 
<0.5 
<0.5 

C-15 
********* 
3.0 
<0.5 
<1.0 
<0.005 
<1.0 

<0.005 
<0.005 
<0.01 
0.1 
<0.01 
<0.01 
<0.01 

<0.01 

<0.01 
<0.5 
<0.5 
<0.2 
<0.5 
<0.5 
<0.5 
<0.5 

kk kk-i »r***:S:** 

* - Based on response for toluene 

Note: This is a complete list of all compounds analyzed. 
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4.0 METHODOLOGT 

4.1 Offsite Control Veil Location Determination 

After a few months of operating the onsite control wells, it became apparent 
that the reservoir of gas offsite was not going to be pulled back to the 
landfill quickly. The body of gas in the soil in residential neighborhoods 
was still causing concern because of the potential for gas migrating through 
basements and structure slabs into those structures. 

In early 1986, the first five of these wells were installed adjacent to 
structures with severe gas infiltration problems. The first five wells 
created a negative pressure in the soil underneath the structures, creating a 
flow of gas away from the structures. They were 60 feet deep with 1.5 HP 
motor blowers and created vacuums of 8.5 inches WC. 

At that time, the Department of Ecology began installing two similarly 
designed but larger offsite control wells in the same vicinity. These wells 
were 100 feet deep with 5 HP motor blowers; they created vacuums near 40 
inches water column (W.C). 

Meanwhile, based on the good performance of the initial five control wells, 
the City contracted with Parametrix to install up to ten more control wells, 
nine in the neighborhood east of the landfill and one directly west of the 
landfill. The first seven of these were 80 to 100 feet deep with a 1.5 HP 
motor blower. After observing the ability of the larger Ecology control 
wells to remove large quantities of gas from ann extensive area, the City and 
Parametrix decided to make the last three wells of the larger design. These 
wells are labeled C-13, C-14 and C-15. 

Due to continuing high gas concentrations south and north east of the 
landfill in the summer of 1987, the City contracted with Parametrix, Inc. to 
drill two additional offsite control wells. C-16 was drilled north east of 
the site (see Figure C-3) in November 1987. Negotiations with the homeowner 
on whose property the control well is located have delayed the connection of 
a motor blower to this well. C-17 was drilled south of the site (see Figure 
C-3) in November 1987. A temporary 1.5 HP motor blower was installed on the 
well to test gas concentrations and the effect, if any, that the control well 
will have on the reservoir of migrated gas in the area. From this test, a 
determination will be made as to the need for a permanent 5 HP motor blower 
installation. 

4.2 Veil Drilling and Mechanical Equipment Installation 

Fifteen gas control wells eight inches in diameter were drilled and completed 
for the City by Parametrix, Inc. The work of drilling the boreholes and 
completing the in-ground wells was subcontracted to Richardson Well Drilling 
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Company. All their work was supervised by an engineering geologist from 
Terra Associates, Inc., also under subcontract to Parametrix. Two gas 
control wells with ten inch diameter boreholes were drilled and completed for 
the Department of Ecology by Black & Veatch. The work of drilling the 
boreholes and completing the in-ground wells was subcontracted to Hart 
Crowser & Associates Inc. 

The boreholes for the City control wells were advanced using a top-drive 
rotary drill rig. Compressed air was used to remove the cuttings. To 
support the boreholes, eight-inch-diameter steel casing was driven using a 
pneumatic hammer. The wells were installed to depths ranging from 63 to 105 
feet, five wells (C-13, 14, 15, 16 and 17) being drilled in the range of 100 
feet. A log of each borehole can be seen in Appendices C-l and C-2 of this 
report. 

Methane was not detected in significant quantities at any well location until 
after the drilling had been completed, because gas-bearing strata penetrated 
by the boreholes may be closed off by the casings and because the large 
volumes of compressed air pumped down the holes while the boreholes are being 
advanced suppress the evolution of other gasses that may be present. 

In general, the soils encountered in the well boreholes are silty, sandy 
gravels underlain by advance outwash (At Wells C-l, C-4, C-9 and C-11, a few 
feet of subsurface filling was identified). The natural tills are gravelly 
silty sands and cobbles. Because these soils were laid down beneath a 
glacier, the various grain sizes are thoroughly mixed and the material is 
dense with low porosity. The tills that could be identified ranged up to 46 
feet in thickness. In several wells, the till either was missing or could 
not be distinguished from the underlying silty outwash materials. 

Boreholes that penetrated to sufficient depth encountered what is either an 
extensive perched water table or the regional water table at approximately 
Elevation 265 to 280 feet. The water was usually observed in a semi-confined 
aquifer encountered near the bottom of the boreholes. In several boreholes, 
slight seepage from perched water tables was also observed. 

Wells C-l through C-12 were completed with a single three-inch-diameter PVC 
casing with flush threaded couplings. No solvents or glues were used in the 
completion of these wells. The wells were packed with pea gravel. A 
bentonite seal was placed from approximately five feet below ground surface 
to approximately seven feet below ground surface. A cement grout cap was 
then placed between the bentonite seal and ground surface. The three-inch 
PVC casing was slotted with 0.10 inch slots below the bentonite seal. 

Wells C-13, 14, 15, 16, 17 and WDOE Wells E-1 and E-2 were completed similar
ly to wells C-l through C-12 except that a four-inch-diameter casing was 
used. 
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Control Wells C-l through C-12 are operated by a 1.5 H.P. 110/240 volt AC 
electric driven motor blower. The blower is capable of producing 8.5 inches 
W.C. The flowrates in these control wells will vary greatly depending upon 
the permeability of the surrounding soil. The discharge of these blowers 
include an underground water trap to remove any entrained water. The 
discharge flows through an activated charcoal filter that filters out any 
organic contaminants and then is released to atmosphere. In wells C-6 
through C-12, the mechanical equipment is covered by galvanized steel 
shelters. The discharge vent stack is either supported by a power pole or is 
attached to a nearby structure. In wells C-l thru C-5, , the motor blower is 
installed in a partially buried vault. A typical schematic representation of 
control wells C-l through C-12 is shown on Figure C-4. 

Wells C-13, 14, and 15 were completed with a five H.P. 220 volt AC electric 
driven motor blower capable of producing up to 65 inches W.C. vacuum. The 
discharge of these blowers flow through a large above ground water trap which 
removes any entrained water in the gas stream. From the water trap, the 
discharge flows through a large activated charcoal filter and is then vented 
to atmosphere. The entire mechanical facilities are enclosed in a locked 
fenced area. These blowers are not installed near structures, therefore, 
noise suppression was not a concern in the installation. A typical schematic 
representation of control wells C-13, 14, and 15 is shown on Figure C-5. 
Well C-17 has been temporarily hooked up to a 1.5 HP motor blower to assess 
available flow rates and gas concentrations. Well C-16 will be similarly 
connected after negotiations with the property owner. A more permanent 
installation may be made depending on the information obtained during the 
temporary operation. 

WDOE control wells E-1 and E-2 are built similarly to City control wells C-
13, 14, and 15, however, the WDOE control wells were originally equipped with 
two electric driven motor blowers. These wells have since gone to the one 
blower design. A typical schematic representation of control wells E-1 and 
E-2 is shown on Figure C-6. A complete listing of the control wells and 
their screened intervals, blower size, etc. is included in Table C-l. 

4.3 Operation and Monitoring 

The offsite control wells operate continuously, 24 hours per day, seven days 
per week. The mechanical equipment at each control well has proved quite 
reliable with a minimum of downtime due to mechanical failure. 

When the control wells were first put on line, they were monitored at least 
daily. In control wells where the gas concentrations were quickly reduced to 
near zero and remained at that level for several weeks, the frequency of 
monitoring was reduced to approximately once per week. As the confidence in 
the data recorded increased, the frequency of monitoring reduced accordingly. 
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Measurements normally taken at offsite control wells include: 

0 Combustible gas (percent, parts per million, or percent 
LEL) 

0 Oxygen (percent) 
0 Carbon Dioxide (percent) 
0 Hydrogen Sulfide (parts per million) 
o Static Pressure (vacuum in the well) 
0 Velocity 

Nitrogen is assumed to be the balance of the chemical makeup in the gas 
stream. The velocity is pressure taken at the inlet to the blower and then 
converted to flow mathematically. The static pressure measurement, accom
panied with the flow measurement, are used to evaluate the wells relative 
sphere of influence. 

4.4 Shut Down of Specific Control Wells and Intensive 
Monitoring 

On February 6, 1986, a pumping test was performed on extraction well EW-2 
located on the property of the Landgren Memorial Baptist Church at the corner 
of Military Road and 250th Street South in Kent, Washington by Hart Crowser & 
Associates Inc. The test involved measuring the pressure drawdowns in the 
extraction well and in observation probe 82 as a function of time while the 
extraction well was pumped at a constant rate. The locations of the observa
tion probe and it's relationship to control well EW-2 is shown in Appendix A 
of this report. 

After the above test, selected offsite controls wells and probes near these 
wells were monitored upon start-up to determine the area of influence of 
these controls wells and provide engineering data for the design of addition
al control wells. This intensive monitoring prograim was conducted by Para
metrix, Inc. The original plan was to monitor several times a day for a week 
or more. This was performed in the first test period from June 24, 1986 to 
June 30, 1986. Evaluation of monitoring results showed very rapid probe 
pressure swings due to barometric changes. Monitoring of the probes several 
times per day was not often enough to give defined curves for pressure-time 
relationships. A second test period was planned during which probes were 
monitored every ninety minutes for twenty four hours. The second series of 
tests were performed from July 22, 1986 to July 23, 1986. 

In June, 1987, due to continuous low gas reading in gas probes near control 
wells C-l, C-2, C-3, C-5, E-1, and E-2, it was determined that these wells 
had accomplished their task of removing gas from their sphere of influence 
and were therefore shut off. Monitoring probes near these wells were 
monitored with increased frequency immediately before and for weeks after the 
shut down. Wells near control well E-2 were monitored intensively by 
Parametrix for approximately 48 hours following it's shut down. This 
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increased monitoring schedule was implemented to determine whether or not gas 
was likely to return to the area surrounding these control wells following 
their shut down, or if gas had been effectively removed from the area. 
Static pressures, combustible gas concentrations, and oxygen were read in the 
monitoring probes during this study. 

The results of both the Hart Crowser and Parametrix tests described above are 
discussed in Section 5.4 of this report. 

There is a significant piezometric head associated with the regional ground
water table which was intercepted in thie drilling of control wells C-13, 14, 
and 15. This piezometric head had blocked the screened intervals of control 
wells C-14 and 15. Therefore, since no influence of the surrounding soils 
was taking place in the operation of these control wells, C-14 and 15 were 
shut down in May, 1987. In the summer months of 1987, a drop in the water 
level was recorded in control well C-14 exposing approximately 10 feet of the 
screened interval. Therefore, control well C-14 was temporarily turned back 
on. The low permeability of the surrounding soil near C-14 severely inhibits 
the flow of gas from the well and thereby greatly reduces the wells projected 
radius of influence. No methane was detected in the vent air, and the well 
was turned off again. •I 
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5.0 RESULTS 

5.1 Prevention of Gas in Structures 

Several residences adjacent to control well installations typically recorded 
levels of methane above 10,000 ppm despite repeated efforts to seal the 
foundations of those structures until the control wells were turned on. Ac
cording to City gas monitoring data, all gas was effectively removed from 
these structures within one day of the start up of the offsite control wells. 
Further, gas has remained out of structures in the vicinity of the landfill 
since the implementation of the offsite control wells. Combustible gas above 
100 parts per million has not been recorded in a structure in the vicinity 
since November, 1986. 

5.2 Reduction of Gas Concentrations 

As seen in the isopleth shown on Figure C-l of this report, prior to the 
implementation of the offsite control wells, landfill gas was present at 
shallow depths north-west and south-west of the landfill at levels of up to 
40 percent by volume, and east of the site at. levels up to 55 percent. The 
full extent of shallow depth gas migration east and south of the site could 
not be accurately determined due to lack of monitoring probes in these areas. 

As seen in the isopleth shown on Figure C-2 of this report, prior to the 
start up of the offsite control wells, landfill gas was present in deep soil 
zones east of the site in concentrations up to 70 percent by volume, and in 
concentrations up to 55 percent in the vicinity of the landfill. Again, 
accurate determinations of the full extent of deep landfill gas migration 
could not be made due to lack of deep monitoring probes to the north, east 
and south of the landfill. 

After the installation of the offsite control wells, reductions in shallow 
and deep soil zone gas concentrations were observed in areas near the control 
wells within one month of the control well start up. It should be noted that 
the onsite migration control system was also on line at this time and was 
also having an effect on the reductions of gas levels east of the landfill. 
The results of the implementation of the offsite control wells can be seen on 
Figures C-7 and C-8. These figures show isopleths of gas concentrations in 
shallow and deep soil zones approximately six months after the start up of 
the first control wells. Studying these isopleths with Figures C-l and C-2, 
the reduction in gas concentration to the west and the east of the landfill 
can be seen. 

5.3 Effect on Gas Movement 

Control wells are installed to remove a reservoir of gas which has accumu
lated offsite. In this capacity, offsite control wells have proven quite 
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successful. Once the reservoir of gas surrounding the offsite control well 
has been eliminated, the control well should be shut down. The effect of 
leaving an offsite control well operating after this point can be a migration 
of gas from the landfill toward the offsite control well. This effect can be 
minimized by the proper operation of the onsite migration control system, 
but, this forces operation of the onsite system to create a greater vacuum 
curtain around the landfill than would otherwise be necessary. 

5.4 Results of Offsite Control Well Shut Down 

Tests were performed by Hart Crowser and Associates, Inc. in February, 1986, 
and performed by Parametrix, Inc. in June and July of 1986, (refer to Section 
4.4 of this report). They indicate that offsite control wells have a weak 
vacuum effect in the shallow soils where air exchange with the atmosphere is 
quicker, and pressures equalize faster. Offsite control wells have an 
increasingly stronger vacuum effect proportional to the depth of measurement 
in the soil. It can be approximated that for a typical 1.5 horsepower blower 
producing 30 cubic feet per minute, a relationship between the horizontal 
distance from the offsite control well and the pressure in the surrounding 
soil exists as shown in Table C-3. 

The soil vacuum produced by the 1.5 horsepower blower well system protects 
structures from gas infiltration, by preventing gas from moving from the soil 
to the inside of the structure. It is effective within a radius of influence 
of 200 to 300 feet. More recently, the prime objective of the installation 
of the offsite control wells has been to remove pockets of gas. The 1.5 
horsepower system has some ability to remove gas from the soil surrounding 
it. It takes roughly two months to remove gas from the soil in a 200 foot 
radius, and 12 months to remove gas from 500 feet. A 12 month time-frame to 
remove gas from 500 feet is unnecessarily long. A five horsepower blower 
producing 250 cfm will remove gas from the soil in a 500 foot radius in 
approximately 1.5 months, and will also protect structures within a 500 foot 
radius. 

The results of the test performed by Parametrix, Inc. in June, 1987, during 
the shut down of selected offsite control wells (reference Section 4.4 of 
this report), indicate that shallow and deep level gas has been effectively 
removed from the areas surrounding these control wells and that the wells can 
remain shut down. Probes near these wells are still monitored at least 
weekly. If in the future gas levels are found to be rising, the control well 
will be turned back on. See Table C-4 for results of this intensive monitor
ing program. 

•I 
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Figure C-7 
Shallow Gas Concentration 
Isopleth, September 1986 
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TABLE C-3 
PRESSURE DRAVDOVN RELATED TO DISTANCE FROM 

OFFSITE CONTROL VELLS 
(1.5 H.P. MOTOR BLOWER) 

! • DISTANCE 

ic'^it'ic'fc^c'^'^'ic'ic'k'is'ic'^'ic'k'ie'k'k'ic'^'^'it'iC'k'^'^'^'ic'ic'f 

PRESSURE DRAWDOWN 
(inches V . C , measured 
at leaist 50 feet belov 
ground surface) 

50 ft. 
100 ft, 
200 ft, 
500 ft. 

1.0 
0.7 
0.4 
0.1 

23 
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TABLE C - 4 
R E S U L T S OF I N T E N S I V E MONITORING DURING THE 

SHUT-DOVN OF CONTROL VELL E - 2 , J U N E 1 9 8 7 

PROBE 46 ( a l l CH4 readings in PPH) 

DATE TIHE TIHE TIHE PRESSORE CH4 
HIN HIL ACT (IN. K.C.) 

t x x t x x x x x x x t t x x t t u t x t x x t t t x x x t x t x x x t t t t t t t t x x t t x x x t t t t t t 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/37 
6/29/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
7/01/87 
7/01/87 

-60 
il 
1 
3 
6 

IG 
15 
20 
25 
30 
45 
60 

100 
160 
300 
500 
740 
980 

1180 
142G 
1660 
1900 
2140 
2300 
2620 
2880 

0700 
0800 
0801 
0803 
0806 
0810 
0815 
0820 
0825 
0830 
0845 
0900 
0940 
1040 
1300 
1620 
2020 
0020 
0340 
0740 
1140 
1540 
1940 
2340 
0340 
0800 

0745 
0600 
0809 
0803 
0806 
0810 
0815 
0823 
0625 
0830 
0850 
0906 
0946 
1051 
1312 
1626 
2034 
0026 
0344 
0808 
1150 
1540 
2040 
2330 
0345 
0845 

-0.06 
--

-0,08 
--
- - • 

--
--

-0.085 
--
--

-0.06 
-0.08 

-0.075 
-0.06 
-0.05 

-0,025 
-0.04 

-0.075 
-0.07 

-0.045 
-0.055 

-0.04 
-0.06 
-0.08 
-0.08 

-0 .1 

100 
--
--
--
--
--
--
--
--
--

100 
100 
100 
100 
100 
80 

100 
80 

180 
200 
100 
200 
180 
200 
200 
240 

•I 

CH4 check nith Gastech lodel 1939-01 (LEL scale) 

DATE TIHE CH4 02 
HIL 

txttxtxxxtxxxtxxxxxxxxxtxxttxxxxxxxx 
6/29/87 2034 0 16 
6/30/87 0808 0 16 
6/30/87 2040 0 16 
7/01/87 0845 0 16 

2k 



Sheet 2 of 5 

TABLE C-4 
RESULTS OF INTENSIVE MONITORING DURING THE 

SHUT-DOVN OF CONTROL VELL E-2, JUNE 1987 (CONT.) 

PROBE 50 (all CH4 readings in PPH) 

! • 

DATE TIHE 
HIN 

TIHE 
HIL 

TIHE 
ACT 

PRESSURE 
(IN. H.C.) 

PROBE S 

PRESSORE 
(IN. H.C.) 

PROBE H 

PRESSORE 
(IN. H.C.) 

PROBE D 

CH4 
PROBE S 

CH4 
PROBE H 

CH4 
PROBE D 

x t x t x x x t x x t x x x x x t x t x x t t t x x x i x t x x x x t t x x t x x t t t x t x t t t t x x x x t x x x t t x t x t t x t x x x x x t x i t x x x x x x x x x x x x x x x x x t x x 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
7/01/87 
7/01/37 

-60 
0 
1 

3 
6 
10 
15 
20 
25 
30 
45 
60 
100 
160 
300 
500 
740 
960 
1180 
1420 
1660 
1900 
2140 
2300 
2620 
2880 

0700 
0800 
0801 
0803 
0806 
0810 
0815 
0820 
0825 
0830 
0845 
0900 
0940 
1040 
1300 
1620 
2020 
0020 
0340 
0740 
1140 
1540 
1940 
2340 
0340 
0800 

0710 
0800 
0801 
0803 
0806 
0810 
0815 
0820 
0825 
0830 
0845 
0900 
0940 
1040 
1300 
1622 
2017 
0019 
0340 
0804 
1140 
1530 
2020 
2319 
0340 
0840 

-0.48 
--

-0.52 
-0.52 

--
--
--

-0.54 
-0.55 
-0.55 
-0.58 
-0.54 
-0.49 
-0.32 
-0.12 
0.1 

-0.05 
-0.225 
-0.23 
-0.26 
-0.17 
-0.11 
-0.17 
-0.3 
-0.37 
-0,49 

-1 
--

-1.1 
-1.1 
-1.1 
-1.1 
-1.1 
-1.1 
-1.1 
-1.2 
-1.2 
-1.2 
-1 

-0.75 
-0.27 
0.22 

-0.115 
-0.5 
-0.6 
-0,87 
-0.45 
-0.29 
-0.42 
-0.8 
-0.9 
-1,2 

-2.2 
--

-2 
-2 
-2 
-2 
-2 
-2 
-2 

-1.9 
-1.9 
-1.8 
-1,5 
-1.3 
-0.65 
-0,215 
-0.7 
-1.2 
-1.3 
-1,7 
-1.4 
-l.l 
-1,2 
-1.8 
-1.9 
-2.3 

-
--
--
--
--
--
-
--
--
--
46 
64 
64 
75 
90 
82 
90 
58 
90 
100 
150 
120 
100 
100 
140 
140 

--
--
--
--
-
--
--
— 
--
--
46 
64 
64 
75 
90 
82 
90 
58 
90 
100 
150 
120 
100 
100 
140 
140 

--
--
--
--
--
--
--
--
--
--

16 
20 
20 
30 
320 
1200 
6000 
9000 
6000 
4000 
84 
90 
84 
16 
15 

4000 

CH4 check aith Gastech lodel 1939-0! (LEL scale) 

DATS TIHE Ce4 02 CH4 02 CH4 02 
HIL PROBE S PROBE S PROBE H PROBE H PROBE D PROBE D 

txxxttttitxxxxxxttxtxxxxxtxtxxxttxxtxtxxxxtxxxxxxxxtxxtxxxxtxxtxxxxxtxxxxxxxtxxxx 
0 6/29/87 

6/29/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
7/01/87 

2017 
2115 
0019 
0340 
0804 
2020 
0840 

0 
-
--
--

0 
0 
0 

19 
--
--
--

19 
19 
19 

19 
--
--
--

19 
19 
19 

12 
14 
18 
12 
8 
0 
5 

9 
9 
9 
9 
11 
21 
11 

25 
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TABLE C-4 
RESULTS OF INTENSIVE MONITORING DURING THE 

SHUT-DOVN OF CONTROL VELL E-2, JUNE 1987 (CONT.) 

PROBE 66 (all CH4 readings in PPH) 

DATE 

xtxxxxx 
6/29/8 
6/29/8 
6/29/8 
6/29/8 
6/29/8 
6/29/8 
6/29/8 
6/29/8 
6/29/8 
6/29/8 
6/29/8 
6/29/8 
6/29/8 
6/29/8 
6/29/8 
6/29/8 
6/29/B 
6/30/8 
6/30/8 
6/30/8 
6/30/8 
6/30/8 
6/30/8 
6/30/8 
7/01/8 
7/01/8 

CB4 Che 

TIHE • TIHE TIHE PRESSORE . Cli4 
HIN HIL ACT (IN. H.C.) 

xxxxxxxxxxxxxxtxxxxxxxxxxxxxxxttxxxxtxxxxxtxxxxxx 
-60 0700 0715 -0.18 220 

1 
3 
6 
10 
15 
20 
25 
30 
45 
60 
100 
160 
300 
500 
740 
980 
1180 
1420 
1660 
1900 
2140 
2300 
2620 
2880 

0801 
0803 
0806 
0810 
0815 
0820 
0825 
0830 
0845 
0900 
0940 
1040 
1300 
1620 
2020 
0020 
0340 
0740 
1140 
1540 
1940 
2340 
0340 
0600 

0807 
0803 

0810 
0815 
0821 
0825 
0830 
0845 
0903 
0940 
1046 
1325 
1635 
2047 
0037 
0357 
0816 
1200 
155G 
2059 
2347 
0352 
0852 

-0 .19 

-0 .17 

-0 .19 
-0 .14 
- 0 . 1 1 
-0 .07 
-0 .02 

0.07 
0.025 
-0 .06 
- 0 . 0 5 

-0 .045 
0 

0,055 
- 0 . 0 3 
-0 .09 
-0 .05 
-0 .09 

k o i t b Gastech l o d e l 1939-0! (LEL s c a l e ) 

DATl 

txxtxtxi 
6/29/8' 
6/30/8' 
6/30/8' 
7/01/8' 

i TIHE 
HIL 

Cfl4 02 

txxxtxxxxxtttxxxtxxttxtxxxxxx 
f 2047 

0816 
f 2100 

0852 

fl 16 
0 17 
0 17 
0 17 

190 
110 
150 
140 
140 
140 
120 
100 
200 
200 
200 
200 
iOfl 
200 
200 
200 

•I 
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TABLE C-4 
RESULTS OF INTENSIVE MONITORING DURING THE 

SHUT-DOVN OF CONTROL VELL E-2, JUNE 1987 (CONT.) 

PROBE 76 f a l l Cfl4 r e a d i n g s in PPH) 

! • 

DATE TIHE 

t t i xx tx 

6/29/8' 
6/29/8' 
6/29/8' 
6/29/8 
6/29/8 
6/29/8 
6/29/8' 
6/29/8' 
6/29/3 
6/29/8' 
6/29/8 
6/29/8' 
6/29/8' 
6/29/8 
6/29/8' 
6/29/8' 
6/29/8' 
6/30/8' 
6/30/8' 
6/30/8' 
6/30/8' 
6/30/8' 
6/30/8' 
6/30/8' 
7/01/8 
7/01/8 

HIN 
TIHE 
HIL 

TIHE 
ACT 

PRESSORE 
(IN. H.C.) 

PROBE S 

PRESSORE 
(IN. H.C.) 

PROBE H 

PRESSURE 
(IN. H.C.) 

PROBE D 
txxtt*xttxtttxxxtttxtttxxxtxntttxxxxttxxtttxxxtxxtn*xtxxxxxxxx 
1 -60 
r 0 

1 
J 3 
f 6 
f 10 
f 15 
! 20 

25 
J 30 
f 45 
f 60 
f 100 
f 160 
f 300 

500 
740 
980 

1180 
f 1420 

1660 
1900 
2140 
2300 

f 2620 
f 2880 

0700 
0800 
0801 
0803 
0806 
0810 
0815 
0820 
0825 
0830 
0845 
0900 
0940 
1040 
1300 
1620 
2020 
0020 
0340 
0740 
1140 
1540 
1940 
2340 
0340 
0800 

0722 
0800 
0802 
0803 
0806 
0810 
0815 
0820 
0825 
0830 
0848 
0900 
0942 
1041 
1328 
1640 
2102 
0054 
0405 
0819 
1205 
1555 
2106 
2355 
0359 
0858 

- 0 . 0 4 5 
--

- 0 . 0 1 
--
--
--
— 
--
--
--

- 0 . 0 1 
- 0 . 0 0 5 

- 0 . 0 4 
0 . 0 1 

0 .055 
0 .095 

0 
- 0 . 0 6 5 

- 0 . 0 6 
- 0 . 0 5 

0 .06 
0 .07 

- 0 . 0 5 
- 0 . 0 9 

- 0 . 0 6 5 
- 0 . 1 0 5 

- 0 . 2 5 
--

- 0 . 2 2 
--
--
--
--
--
— 
--

- 0 . 2 3 
- 0 . 2 1 
- 0 . 2 1 
- 0 . 1 1 

0.07 
0 .15 

- 0 . 0 9 5 
- 0 . 2 6 
- 0 . 2 4 
- 0 . 1 9 

0 .03 
0 .06 

- 0 . 2 2 
- 0 . 3 2 
- 0 . 2 5 
- 0 . 3 3 

- 0 , 0 7 5 
--

- 0 . 0 6 5 
--
--
--
--
--
--
--

- 0 . 0 7 
- 0 . 0 4 
- 0 . 0 6 
- 0 . 0 3 

0 .13 
0 .165 

0.02 
- 0 . 1 2 

- 0 . 1 
- 0 . 0 8 5 

. 0 . 1 
0.12 

- 0 . 2 6 
- 0 . 1 6 5 

- 0 . 1 3 
- 0 . 1 8 5 

CH4 CB4 
S PROBE H 

CH4 
D 

t t t t t t t 

92 

140 

130 

180 

100 

200 

240 100 

CH4 check o i t h G a s t e c h l o d e l 1939-01 (LEL s c a l e ) 

DATE TIHE CH4 02 CH4 02 CH4 02 
HIL PROBE S PROBE S PROBE H PROBE H PROBE D PROBE D 

t K t t x t x x x t x t t t t t t x x t t t t t x x x x x i t t x t t x x t x x x t x x x x x x x x x x x x x x t x x x x t t t x t x x x x t x t x x t x t t x x 
6/29/87 
6/30/87 
6/30/87 
7/01/87 

2102 
0819 
2109 
0858 

0 
0 
0 
0 

18 
18 
18 
18 

0 
0 
0 
0 

18 
16 
18 
16 

0 
0 
0 
0 

18 
19 
19 
18 

27 
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TABLE C-4 
RESULTS OF INTENSIVE MONITORING DURING THE 

SHUT-DOVN OF CONTROL VELL E-2, JUNE 1987 (CONT.) 

PROBE 82 ( a l l Ca4 r e a d i n g s i n PPH) 

DATE TIHE 
HIH 

TIHE 
HIL 

TIHE 
ACT 

PRESSURE 
(IH. H . C . ) 

PROBE S 

PRESSURE 
(IH. H . C . ) 

PROBE H 

PRESSURE 
( IH. H . C . ) 

PROBE.D 

CB4 
PROBE S 

CH4 
PROBE H 

CB4 
PROBE D 

xtxxxxxtttxxtttxttxitttttttttixxxttttttttttntttttttttttttttxxtttttttntttxtxtxitxuttxixxttitxtxt 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/29/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/87 
6/30/B7 
7/01/87 
7/01/87 

-60 
0 
1 
3 
6 

10 
15 
20 
25 
30 
45 
60 

100 
160 
300 
500 
740 
980 

1180 
1420 
1660 
1900 
2140 
2300 
2620 
2880 

0700 
08GO 
0801 
0803 
0806 
0810 
0815 
0820 
0825 
0830 
0845 
0900 
0940 
1040 
1300 
1620 
2020 
0020 
0340 
0740 
1140 
1540 
1340 
2340 
0340 
0800 

0722 
0800 
0801 
0803 
0806 
0810 
0815 
0820 
0825 
0830 
0845 
0900 
0940 
1040 
1300 
1632 
2040 
0034 
0352 
0812 
1155 
1545 
2047 
2337 
0348 
0850 

- 0 . 9 
--

- 1 . 2 
- 1 . 2 
- 1 . 2 
- 1 . 2 
- 1 . 2 -
- 1 . 2 
- 1 . 1 
- 1 . 1 
- 0 . 9 

- 0 . 7 2 
- 0 . 4 
- 0 . 2 

0 
0 . 1 5 
0 . 0 5 

- 0 . 1 3 
- 0 . 1 3 
- 0 . 1 2 
- 0 , 0 2 
0 . 0 2 5 
- 0 . 1 1 

- 0 . 2 
- 0 . 9 

- 0 . 2 4 5 

- 4 . 5 
--

- 4 . 4 
- 4 , 6 
- 4 . 6 
- 4 . 5 
- 4 . 2 
- 3 . 9 
- 3 . 6 
- 3 . 4 

• - 2 . 6 
- 2 . 2 
- 1 . 3 
- 0 . 8 

- 0 . 0 7 
0 . 3 4 
0 .04 

- 0 . 4 3 
- 0 . 4 5 
- 0 . 5 7 
- 0 . 1 8 

- 0 . 0 4 5 
- 0 . 3 
- 0 . 7 
- 0 . 6 

- 0 . 9 2 

- 3 . 2 
--

- 3 , 2 
- 3 . 4 
- 3 . 2 

-3 
- 2 . 8 
- 2 . 5 
- 2 . 4 
- 2 . 2 
- 1 . 8 
- 1 . 5 

-1 
- 0 . 7 2 

- 0 . 0 1 5 
0 . 2 6 
- 0 . 1 
- 0 . 6 

- 0 , 6 2 
- 0 . 6 4 

- 0 . 3 
- 0 . 1 8 5 

- 0 . 4 5 
- 0 . 8 

- 0 . 1 8 
- 1 , 1 

66 
--
--
--
--
--
--
--
--
--
62 
72 
75 
72 
76 
68 
46 
66 

100 
100 
100 
90 

100 
120 
210 
140 

14 
--
--
--
--
--
--
--
--
--
14 
14 
16 
33 
54 
68 
40 
40 
70 
72 
60 
82 

100 
100 
100 
140 

15 
--
--
--
• -

--
--
--
--
--
13 
19 
80 
90 
90 
90 
78 

100 
140 
140 
160 
160 
160 
200 
120 
200 

•I 

CB4 check s i t h G a s t e c h • o d e l 1939-01 (LEL s c a l e ) 

DATE TIHE CH4 02 CH4 02 CH4 02 
HIL PROBE S PROBE S PROBE H PROBE H PROBE D PROBE D 

tttxxtxxxtxxxxxtxtxxxxxtxxxxxxxxxxxtxtxxxxxxtttxxxxxtxtxtxxxtxitxxxxttxxxxxtxttxx 
6/29/87 2040 0 18 0 19 0 19 
6/30/87 0812 0 18 0 19 0 19 
6/30/87 2047 0 18 0 20 0 18 
7/01/87 0850 0 18 0 19 0 18 
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Tech. Memo 
Task 2.5.3 

6.0 CONCLUSIONS 

The offsite control wells installed in the surrounding neighborhood of the 
Midway Landfill have proven successful in protecting nearby structures from 
the seepage of migrated landfill gas. The offsite control wells, especially 
the larger ones, have also been successful in reducing the concentrations of 
methane gas which has migrated from the landfill to form large reservoirs 
offsite. 

As a result of this, many offsite control wells have been shut down due to 
extremely low methane concentrations recorded over the past several months in 
monitoring probes nearby. Due to the influence of the onsite migration 
control system, it is not expected that landfill gas will return to these 
areas causing the offsite control wells to be turned back on. These probes 
will continue to be monitored however, and the control wells turned back on 
if any significant rise in methane levels is detected. 

! • 
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TERRA ASSOCIATES, Inc. 
Ceotechnicai Consultants 

March 5, 1987 
Project No. T-250 

l« 

Mr. Clyde Moore 
Parametrix, Inc. 
13020 Northup Way, Suite 8 
Bellevue, Washington 98005 

Subject: Off-Site Gas Control Wells 
Midway Landfill Gas Migration Control System 
Subcontract Agreement PMX 55-1550-09 (Task 5) 

Dear Clyde: 

Supplement No. 1 to Agreement No. G85-19 between Parametrix, Inc., and the 
Engineering Department of the City of Seattle required the design and instal
lation of five gas control wells In the community neighboring the Midway 
Landfill. By Subcontract Agreement PMX 55-1550-09, Parametrix assigned part 
of the work under Supplement No. 1 to Terra Associates, Inc. This report 
describes the work accomplished by our firm. 

SUMMARY 

Five gas control wells, O l through C-5, were installed at the approximate 
locations shown on the Vicinity Map, Figure 1. All five wells are located on 
private property, three at single-family residences and two at the rear of 
commercial buildings. The well locations were selected by Parametrix and the 
City after negotiating with the respective property owners. At each site, the 
exact well location was determined with the consent of the owner after the 
drill rig arrived. 

The work of installing the gas control wells was assigned to Terra Associates, 
Inc. Our work included: 

1) Assuring that the boreholes would clear all utilities; 
2) Drilling the necessary boreholes and sampling the soil removed; 
3) Reporting the subsurface conditions encountered; 
4) Providing and installing slotted well screen and gravel pack; 
5) Providing and installing vaults, fans and vent pipe; and 
6) Providing and installing all necessary electrical equipment. 

,1 
15301 N.E. 90tli Street • Redmond, Washington 98052 • Phone: 881-5570 

Mailing Address: P.O. Box 3338 • Redmond, Washington 98073 



Mr. Clyde Moore 
March 5, 1987 

The scope of our work did not include gas or water sampling, or soil analyses. 
All our work was carefully coordinated with Parametrix, Inc. 

Figure 2 shows a typical gas control well and its associated draft fan, vent 
pipe and power supply. The fans are housed in plastic electrical vaults with 
locked covers. In order to reduce noise levels and increase security, the 
vaults were placed partially below ground. The well heads are connected to 
the suction side of the fans. The gases collected from the wells are blown 
through vent pipes that extend five or more feet above the roof eaves. Each 
fan has metered power. A cut-off switch has been placed at a convenient 
location within sight of each fan vault. 

The drilling work required to install the gas control wells began on December 
23, 1985. The.fifth well installation was substantially complete by February 
7, 1986. 

The Appendices to this summary report describe in more detail the work 
assigned to Terra Associates, Inc. Appendix A contains a description of the 
drilling methods used to make the eight-inch-diameter boreholes. Subsurface 
conditions encountered at the five boreholes are described in Appendix B. The 
gas control wells are described in Appendix C. Schematics of each well, fan 
and vent installation are presented in Appendix D. 

The following figures and appendixes are included and complete this report: 

Figure 1 

Figure 2 

Appendix A 

Appendix B 

Figures B.l through B,5B 

Appendix C 

Appendix D 

Figure D.l 

Figures D.2 through D.6 

Gas Control Weils Location Plan 

Schematic Diagram - Gas Control Well 

Drilling Equipment and Procedures 

Subsurface Conditions 

Gas Migration Logs 

Gas Control Wells 

Gas Control System Installations 

Location Plan 

Gas Control Well Logs 

• I 

Project No. T-250, Page 2 
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Mr. Clyde Moore 
March 5, 1987 

We appreciate the opportunity to assist you on this project. Please contact 
us whenever we may be able to help and please call if you have any questions 
concerning our work reported in this letter. 

Sincerely yours, 

TERRA ASSOCIATES, INC. 

Anil Butail, P.E. 
President 

WB/AB:mf 
enclosures 

v/ 

Project No. T-250, Page 3 



L O C A T I O N P L A N 

- ^ C-5 Gas Control Well Locat ion 
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Mr. Clyde Moore 
March 5, 1987 

APPENDIX A 

DRILLING EQUIPMENT AND PROCEDCEES 

Five gas control wells eight inches in diameter were completed during this 
phase of the work under Subcontract Agreement PMX 55-1550-09. The tasks of 
drilling the boreholes and completing the in-ground well installations were 
subcontracted to Tacoma Pump and Drilling, Inc. All t±eir work was closely 
supervised by an experienced engineering geologist from Terra Associates, Inc. 

The boreholes were advanced using a top-drive rotary drill rig. Compressed 
air was used to remove the cuttings. To support the boreholes, eight-inch-
diameter steel casing was driven using a pneumatic hammer. The wells were 
installed to depths of sixty feet or more. As the boreholes were backfilled 
with well screen and gravel pack, the air hammer was reversed and used to pull 
the casing. To assure the boreholes would not collapse as the casings were 
being withdrawn, the pea gravel level was maintained a few feet inside the 
casings. 

Our engineering geologist maintained a log of each borehole, collected samples 
of cuttings, and supervised the installation of each well. At each location, 
the cuttings were removed and taken to Midway Landfill for disposal. 

The samples of cuttings taken were visually classified in accordance with the 
Unified Soil Classification System, placed in closed containers and taken to 
our laboratory for storage. The borehole logs in Appendix B report the 
results of this visual classification. No further examination or testing of 
the soil samples has been authorized. 

Because gas-bearing strata penetrated by the boreholes may be closed off by 
the casings and because the large volumes of compressed air pumped down the 
holes while the boreholes are being advanced suppress the evolution of other 
gasses that may be present, methane was not detected in significant quantities 
at any well location until after the drilling had been completed. 
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APPENDIX B 

SUBSURFACE CONDrriONS 

No samples of in-place soil were obtained during the performance of this work. 
At each gas control well borehole, an engineering geologist from Terra 
Associates, Inc. observed the cuttings bloving from the casing exhaust port 
and periodically classified representative samples. Borehole logs based on 
only the cuttings are reported on Figures B.l through B.5. Because the 
cuttings cannot show abrupt changes in the soil, the strata lines shown on the 
logs are only approximations. 

In general, the soils encountered in the well boreholes are tills underlain by 
advance outwash. At Well C-l, the till is overlain by about 15 feet of sandy 
fills with wood. The soils at this location to depths of 25 feet or more have 
a noticeable petroleum odor. 

The tills are gravelly silty sands with cobbles. Because these soils were 
laid down beneath a glacier, the various grain sizes are thoroughly mixed and 
the material is dense with low porosity. The tills encountered ranged in 
thickness from seven to 15 feet. 

The advance outwash soils are believed to have been deposited by glacial melt-
water streams. Consequently, they exhibit the grain-size sorting character
istic of fluvial soils. Because they were overridden by the glacier after 
they were deposited, they also typically are very dense. 

Outwash material observed in the borehole cuttings ranged from silty sands to 
sandy gravels with occasional cobbles. The finer-grained material generally • 
was observed closer to the overlying till. It was also noted that the sandy 
gravels occurred at greater depth in the boreholes east of Midway Landfill 
than in the boreholes to the west. Because the coarser-grained sandy gravels 
may be the principal gas-bearing strata, penetration of such strata by the gas 
control wells was considered desirable. For this reason. Well C-5 was drilled 
20 feet beyond its intended maximum depth. 

The regional groundwater table was not observed in any of the boreholes. At 
Well C-3, perched water was encountered within the upper few feet of weathered 
till. No additional groundwater was observed after the casing was advanced 
below depth ten feet. 



GAS CONTROL XA/ELL NO.n 
Logged By—OIL 

n,>, 12-23-85 Sur face E lev . 330 

Graph Soil Description Depth 
(ft.) 

Sample We l l I n s t a l l a t i o n 

• i l l -

;:!:;:!:;; 

SM 

::::Ni; 

2 inches Asphaltic Concrete 

Brown, silty, gravelly SAND with wood. 
(Fill) 
Strong petroleum odor 

- 5 

I- 10 

Grey, gravelly, silty SAND. 
Petroleum odor 

- 15 

- 2 0 

Brown, gravelly, silty SAND. 
Petroleum odor 

- 25 

Brown, silty, sandy GRAVEL with cobbles 
to slightly silty, sandy GRAVEL with 
cobbles. 
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Well terminated at Elevation 269.5 on 12-30-85. 
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C O N T R O L P R O J E C T 
M I D W / A Y , \A/a. 

Proj. No. 250 Date Jan 87 I Figure B . l 
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G A S C O N T R O L AA/'ELL N O . S 
LoQo«d By DW _ 
n _ 12-31-85 
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S u r f a c e Elev. ._ 420 Approx. 

Soil Description 
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Well terminated a t 60.0 feet below ex i s t i ng grade. 

iSr^ 
^ ^ ^ 

C 

TERRA 
ASSOCIATES 

jeotechnical Consultants 

G A S M I G R A T I O N 
C O N T R O L P R O J E C T 
MID\A/AY, \A/a. 
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DW Logged By. 

nat . 12-3G-85 

CONTROL \A/ELL NO.S 

S u r f a c e Elev. u?'^ Appmx. 

1' 
Graph 

US 
CS Soil Description Depth 

(ft.) 
Sample Well In s t a l l a t i on 

Cement ^ 
Grout 

Bentonite 
P e l l e t s 

SM 

SP 

GP 

f - ! - i 1 i !• 

SM 
'SP 

t - l H 

GM 

Grass/Sod 

Grey, g rave l ly , s i l t y SAND « 5 

L10 

Grey/brown, clean, fine to medium 
SAND, with occasional gravel. 

- 15 

20 

Grey, sandy GRAVEL 

Brown, slightly silty to clean SAND 
with occasional gravel. 

— 25 

— 30 

L 35 

— 40 

— 45 

- 50 

- 55 

Brown, sandy gravel with some silt. 

Flush 
Threaded 
Coupling 

« o 
> Q 
& . 

3 o 
. o 

3" Dia. 0.10 
Slotted 
PVC Screen 
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Pack a 

Threaded End 
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^ ^ 
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> . . 
o . 

o , 
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Well terminated a t 60.0 feet below ex is t ing grade . 
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GAS CONTROL \A/ELL N0.4 
Logged By _ 2 ^ 
n, t . • 1-21-86 Surface Elev. 350 Approx. 

Graph 
US 
CS Soil Description Depth 

(ft.) 
Sample Well Instal lat ion 

SM 

Sod - Topsoil 

Grey, g rave l ly , s i l t y SAND. ( T i l l ) 1 5 

] ;:::!:::•:: 

1 • r 

i::r.l:i;: SM Grey/brown, silty, fine to medium 
SAND with occasional gravel to silty, 
sandy GRAVEL with cobbles. 

.1' 
:ir!: 

V.lt 

! • 

]\A 

-10 

ll5 

1-20 

^25 

—30 

SM Grey, gravelly, silty SAND. 
-35 

:i] 

li 
•.•••.••It-

SM 
/ GM 

Brown, slightly silty, fine to medium 
SAND to silty, sandy GRAVEL. 

-40 

-45 

• GM Tan, silty, sandy GRAVEL with cobbles 
and occasional boulder. 

-50 

-55 

<!!•*= Ill H.N=yy 

Cement 
Grout • * 
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Pellets **" 

Flush 
Threaded 
Coupling 

3" Dia. O.ld 
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Pack 

Threaded End 
Cap 
Keeper Plate 

2i? 

ms 

OC o O o 

Well terminated at 60.0 feet below existing grade, 
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C O N T R O L P R O J E C T 
M I O \ A / A Y , V \ / a . 

Proj. No. 250 Oate Jan 87 iFigure B . 4 



GAS CONTROL \A/ELL NO.S 
Logged By _ M . 

n : . ^ 2-3-86 

; < 

Sur face Elev . 420 Approx. 

Graph 
US 
CS Soil Description Depth 

(ft.) 
Sample Well I n s t a l l a t i o n 

c | ; i ; ; ::i3 
- I - I . i f - I ' 
LI:;: ;;,:;; 

:;:::it:::: 
. . . . i M.:; 

?::i5!;;:;: 
: ; : i3i ;! : : ; 
[Iiiiiiiiii 

Brown becomes grey, gravelly, silty 
SAND with cobbles. (Till) 

SM 

•;-MjH-i' 

GM Grey, silty and sandy GRAVELS. 

. I - ; . ! , * ; . , . . 
f t . - . . . - I . , 

• i - , - < x - \ . , 

W,i'Ai\i 
• Ui-4 Ui>l 
_r «(* • t ' f t - . SM, 

SF 

•f-!ii 
•Iv-

n 

[31 

SM 

Grey, slightly silty, fine to medium 
SAND with gravel. 

Brown, silty, fine to medium SAND with 
occasional gravel. 

— 5 

- 10 

- 15 

- 20 

- 25 

- 30 

- 35 

- 40 

Cement 

Grout "^ 

Bentonite 
Seal »-

3" Dia. PVC 
.028 Slotted" 
Screen 

Flush 
Threaded 
Coupling 

Pea Gravel 
Pack 

3" Dia. PV( 
0.10 Slott€ 
Screen 

3 « 

0 * 0 

I P ^ 
V.' 

J 
c 

« » < 

> , 

> o 

H 

TERRA 

ASSOCIATES 

Geotechnical Consultants 

G A S M I G R A T I O N 
CONTROL PROJECT 
MID^A/AY, ysim. 

Proj. No. 250 Date Jan 87 Figure B . 5 A 



GAS CONTROL \AAELL NO.S CONT. 
Logged By _ 2 L 
nat , 2-3-86 ELFV 420 Approx. 

Graph 
US 
CS Soil Description Depth 

(ft.) 
Sample Well Ins ta l la t ion 

. . . . ^ ) . r - - i 
r i - . i t .i-i-> 

SM Brown, silty, fine to medium SAND with ^ 
occasional gravel. 

-45 

:;i:;:::i: 

t > . - : • ' . < r • I' 

• j ^ 

! • 

i]ii|:i]:Ei; 
i m i ^ i i f 

> • • • > • • 

-50 

-55 

60 

- 6 5 

Grey, silty, sandy GRAVEL and cobbles. 

GM 
- 7 0 

- 75 

>•••#• 

Flush 
Threaded 9-
Coupling 

Pea Gravel 
Pack . 

Threaded 
End Cap ' 

0 • 

0 0 

••' 
t> « 

' t l ' 

\o ° 
'o.c 

. ^ 
3 0 

• a 
0 • 

. • • < 

' "o 

Vc 
• 

: - . 

' 0 

» 0 ' 

. ( 
',' 

( » . 0 c 
' • . 
>« ' 
•n» 

> "̂  
. 0 " 
0 ( 

1 0 J 

0 0 

0 5 
> • C 
• 0 1 

1 • < 
0 O o 

°Ac 
' a 

' 1 ' 
j ' " « 

• 0 

a 

0 . 

0 c 

>« t 

' , 0 * 

~ \ 

-
~ 
~ 
= 
— 
= 
• ~ 

— 
~ 
-
~ 

— 

~ 
~. " .— 
-
^ 
^ — 
^ 
"* 
— 
-

= 
£ 
^ 
-
^ 
— 
-
; 
: 
:: 

.. z 
z 
z 

0 

0' 

0 
0 

9 
• 0 

0 

' r, 
0 

' • " < 
0 

a 
0 

' • 
1 c 

°0 

' ' : 

'n' 

0 0 

• 
1 0 

• c 
0 

0 

,•< 
« 

'0 

1 9 

0.' 

0 

. 0 

( 

y 
a 

'n' 
1 n 
1 0 

0 ' 
t 

0 I 

t'l 
9 

1 0 

,<"=.• ''.•J 
'.". » . . ' 0 

Well terminated at 80.0 feet below existing grade. 
Groundwater not encountered. 

TERRA 

ASSOCIATES 

Geotechnical Consultants 

G A S M I G R A T I O N 
C O N T R O L P R O J E C T 
M I O \ A / A Y , \A/a. 

Proj. No. 250 Date Jan 87 Figure 

file:///AAELL


! • 

A P P E N D I X C 

GAS CONTROL WELLS 



Mr. Clyde Moore 
March 5, 1987 

APPENDIX C 

GAS CONTROL WELLS 

Sketches of the as-built well installations are shown on the borehole logs in 
Appendix B. 

The gas control wells consist of schedule 40 PVC slotted screen three inches 
in diameter packed in pea gravel. All Joints are threaded and flush. The 
upper section of well pipe is unslotted PVC casing. Wells C-l through C-4 
have fifty feet of screen with slots 0.10 inches wide and six to eight feet of 
solid pipe at the top. Well C-5 has seven feet of solid casing, 20 feet of 
screen with 0.028-inch slots and 50 feet of screen with 0.10-inch slots. 

The pea gravel well packing was installed to a point a few feet above the 
uppermost well screen slots. A seal about two feet long made with 50 pounds 
of bentonite pellets was placed above the pea gravel. Water was added to 
swell the pellets. Cement grout was placed above the pellets to within 
approximately one foot of the existing grade. 

Although little methane was observed while the boreholes for the gas control 
well' were being drilled, significant amounts were noted after the steel well 
casings were withdrawn and the veils were being developed. Compressed air was 
used to dilute the methane until the well could be capped and the gas exhaust 
system connected. 
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APPENDIX D 

GAS CONTROL SYSTEM INSTALLATIONS 

Figure D.l shows the approximate location and provides a street address for 
each of the five gas exhaust systems installed under Subcontract Agreement PMX 
55-1550-09. A sketch of each as-built gas exhaust system is presented on 
Figure D.2 through D.6. 

Each gas control well is directly attached to the suction side of a draft fan. 
PB-12 fans manufactured by Cincinnati Fan and Ventilator Company, Inc., have 
been used on all installations. The fans have spark-resistant cast aluminum 
scrolls and impellers. They are driven by 1.5-horsepower sparkproof 110 volt 
electric motors manufactured by Reliance Electric Company, Inc. The fans and 
their motors are attacted to steel pedestals using wood and rubber shock 
mounts. 

The fans are housed in plastic vaults with lockable covers. For improved 
noise control and better security, the vaults have been installed partially 
below the ground surface. 

The gas control wells connect to the fan suctions using 3-inch-diameter PVC 
pipe that runs underground. Rubber reducers are used to connect the pipe to 
the 7-inch fan inlet flanges. The 5.5-inch fan discharge flanges connect to 
3-inch-diameter PVC vent pipes using similar rubber reducers. The reducers 
attach to the fans and to the pipes with stainless steel hose clamps. 

The vent pipes have been secured to nearby building walls using rubber shock 
mounts. The vents rise at least five feet above the roof eaves. At C-l and 
C-2, in order to add to the overall stability of the vent stack, the 
underground vent pipes were embedded in concrete. 

Each fan installation receives power from an existing source. No new power 
poles were needed. Power meters have been installed, as required by the 
contract. An electrical cutoff switch has been provided within sight of each 
vault. 

The fan casings have been provided with drains so that condensate and other 
liquids may be periodically removed. At C-l through C-4, small drain cocks 
are located at the bottom of the rubber reducer at the fan discharge. These 
cocks should be opened occasionally so that any liquids that have collected in 
the systems may be blown out. C-5 has been fitted with an automatic liquid 
trap that should require little or no maintenance. Any liquid expelled will 
drain to a pea gravel sump at the north side of the vault. 
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TERRA ASSOCIATES, Inc. 
Geotechnical Consultants 

March 5, 1987 
Project No. T-250-1 

Mr. Clyde Moore 
Parametrix, Inc. 
13020 Northup Way, Suite 8 
Bellevue, Washington 98005 

Subject: Off-Site Gas Control Wells 
Midway Landfill Gas Migration Control System 
Subcontract Agreement PMX 55-1550-09 (Task 7) 

Dear Clyde: 

Supplement No. 2 to Agreement No. G85-19 between Parametrix, Inc., and the 
Engineering Department of the City of Seattle required the design and instal
lation of ten gas control wells in the vicinity of the Midway Landfill. By 
an amendment to Subcontract Agreement PMX 55-1550-09, Parametrix assigned 
part of the work under Supplement No. 2 to Terra Associates, Inc. This 
report describes the work accomplished by our firm. 

SDMMARY 

Ten gas control wells, C-6 through C-15, were installed at the approximate 
locations shown on the Gas Control Well Location Plan, Figure 1. Well 
locations were selected by Parametrix and the City. Two wells are on private 
property. The other seven are on street right-of-way or on property owned by 
the City. Table I provides street addresses or other information to locate 
the wells. 

The work of installing the gas control wells was assigned to Terra 
Associates, Inc. Our work included: 

1) Assuring that the boreholes would clear all utilities; 
2) Drilling the necessary boreholes and sampling the soil removed; 
3) Reporting the subsurface conditions encountered; and 
4) Providing and installing slotted well screen and gravel pack. 

The scope of our work did not include gas or water sampling, soil analyses, 
or the installation of fans and vent pipes. All our work was carefully 
coordinated with Parametrix, Inc. 

15301 N.E. 90th Street • Redmond, Washington 98052 • Phone: 881-5570 
Mailing Address: P.O. Box 3338 • Redmond, Washington 98073 



Mr. Clyde Moore 
f-Iarch 5, 1937 

Ttie drilling for Well C-6 began on May IA, 1986. All the wells through C-12 
were completed by June 4, 1986. After a delay of eleven weeks, work began on 
Well C-13. The last well, C-15, was completed on September 16, 1986. 

The Appendices to this summary report describe in more detail the work 
assigned to Terra Associates, Inc. Appendix A contains a description of the 
drilling methods used to make the eight-inch-diameter boreholes. Subsurface 
conditions encountered at the ten boreholes are described in Appendix B. The 
gas control wells are described in Appendix C. 

The following table, appendixes and figures are included and complete this 
report: 

Table I 

Appendix A 

Appendix B 

Figure 1 

Figure B.la through B.lOb 

Appendix C 

Gas Control Well Locations 

Drilling Equipment and Procedures 

Subsurface Conditions 

Gas Control Well Location Plan 

Gas Control Well Logs 

Gas Control Wells 

We appreciate the opportunity to assist you on this project. Please contact 
us whenever we may be able to help and please call if you have any questions 
concerning the work reported herein. 

•I 
Sincerely yours, 

TERRA ASSOCLATES, INC. 

Anil Butail, 
President 

WB/AB:mf 

.^'^^Tsr-

Project No. T-250-1, Page 2 



Mr. Clyde .Moore 
March 5, 1987 

WELL NO 

T A B L E I 

GAS CONTROL VELL LOCATIONS 

LOCATION 

•• 

C-6 

C-7 

C-8 

C-9 

C-10 

C-11 

C-12 

C-13 

C-14 

3310 South 253rd Street 

South 248th Street, north shoulder of roadway, 
65 feet east of 38th Avenue South 

25406 34th Place South 

25310 35th Place South 

3431 South 252nd Place 

Northeast of Midway Landfill, behind 
24700 Pacific Highway South 

3407 South 248th Street 

Military Road at Reith Road 
70 feet south of southeast corner 

25447 Pacific Highway South 
South of Sleep-Aire parking lot 

C-15 3014 259th Court, south side of roadway 
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Mr. Clyde Moore 
March 5, 1987 

APPENDIX A 

DRILLING EQUIPMENT AND PROCEDURES 

Ten gas control wells eight inches in diameter were completed during this 
phase of the work under Subcontract Agreement PMX 55-1550-09 (Task 7). The 
work of drilling the boreholes and completing the in-ground wells was subcon
tracted to Richardson Well Drilling Company. All their work was closely 
supervised by an experienced engineering geologist from Terra Associates, 
Inc. 

The boreholes were advanced using a top-drive rotary drill rig. Compressed 
air was used to remove the cuttings. To support the boreholes, eight-inch-
diameter steel casing was driven using a pneumatic hammer. The wells were 
installed to depths that ranged from 63 to 105 feet. As the boreholes were 
backfilled with well screen and gravel pack, the air hammer was reversed and 
used to pull the casing. To assure the boreholes would not collapse while 
the casings were being withdrawn, the pea gravel level was maintained a few 
feet inside the casings. 

Our engineering geologist maintained a log of each borehole, collected 
samples of cuttings, and supervised the installation of each well. At each 
location, the cuttings were removed and taken to Midway Landfill for 
disposal. 

The samples of cuttings taken were visually classified in accordance with the 
Unified Soil Classification System, placed in closed containers and taken to 
our laboratory for storage. The borehole logs in Appendix B report the 
results of this visual classification. No further examination or testing of 
the soil samples has been authorized. 

Because gas-bearing strata penetrated by the boreholes may be closed off by 
the casings and because the large volumes of compressed air pumped down the 
holes while the boreholes are being advanced suppress the evolution of other 
gasses that may be present, methane was not detected in significant 
quantities at any well location until after the drilling had been completed. 
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APPENDIX B 

SUBSURFACE CONDITIONS 

At each gas control well borehole, an engineering geologist from Terra 
Associates, Inc. observed the cuttings blowing from the casing exhaust port 
and periodically classified representative samples. No samples of in-place 
soil were obtained. Borehole logs based on only the cuttings are reported on 
Figures B.l through B.IO. Because samples taken from the cuttings cannot 
show abrupt changes in the soil, the strata lines shown on the logs are only 
approximations. 

In general, the soils encountered in the well boreholes are tills underlain 
by advance outwash. At Wells C-9 and C-11, a few feet of surface fills were 
identified. The natural tills are gravelly silty sands with cobbles. 
Because these soils were laid down beneath a glacier, the various grain sizes 
are thoroughly mixed and the material is dense with low porosity. The tills 
that could be identified ranged up to 46 feet in thickness. In several ' 
wells, the till either was missing or could not be distinguished from the 
underlying silty outwash materials. 

The advance outwash soils are believed to have been deposited by glacial 
melt-water streams. Consequently, they exhibit the grain-size sorting 
character-istic of fluvial soils. Because they were overridden by the 
glacier after they were deposited,- they typically are nearly .as dense as the 
overlying till. 

Outwash material observed in the borehole cuttings ranged from silts to sandy 
gravels with occasional cobbles. The finer-grained material generally was 
observed closer to the overlying till. It was also noted that the sandy 
gravels occurred at greater depth in the boreholes east of Midway Landfill 
than in the boreholes to the west. Because the coarser-grained sandy gravels 
may be the principal gas-bearing strata, penetration of such strata by the 
gas control wells was considered desirable. For this reason, several wells 
were drilled to greater depth then anticipated. 

Boreholes that penetrated to sufficient depth encountered what is probably 
the regional water table at approximately Elevation 265 to 280 feet. The 
water was usually observed in a semi-confined aquifer encountered near the 
bottom of the boreholes. In several boreholes, slight seepage from perched 
water tables was also observed. 
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Well log continued 
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n o f S-i^-Rf^ ELEV.,A2^ 

Graph 
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Soil Description Depth 
(ft.) 

Sample Weil Installation 

Brown silty sandy GRAVEL with cobbles. 
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Well terminated at 83 feet below existing grade, 
Groundwater not encountered. 
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Soil Description Depth 
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Sample Well Installation 
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Well terminated at 68.0 feet. 
Groundwater not encountered. 
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G A S C O N T R O L \A/ELJL NO.S 
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^1 

Graph 
US 
CS 

Soil Description Depth 
( f t ) 

Sample Well Installation 

ti: 
Ji Brown/tan sandy SILT with clay to silty 

gravelly SAND (Fill). 
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sandy GRAVEL with cobbles. 
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Well terminated at 62'9". 
Groundwater not encountered. 
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ElEV 430± 

Graph US 
CS Soil Description Depth 

(ft) Sample Well Installation 
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Well log con t inued 
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G A S CONTROL \A/ELL. NO. 1 0 
Logged By. DW V 
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Graph 
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Soil Description Depth 
( f t ) 

Sample Well Installation 
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Brown silty fine to medium SAND 

65 

Brown becomes grey slightly silty 
sandy GRAVEL with occasional cobbles. 
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Keeper 
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Well terminated at 80 feet below existing grade. 
Groundwater not encountered. 
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G A S CONTROL \/\/ELL N O . i 1 

Fl PV 350± 

Graph US 
CS Soil Description Depth 

(f t ) 
Sample Well Installation 
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Grey silty gravelly SAND (Fill) 

Grey/tan gravelly silty SAND, wet to 
silty gravelly SAND. 

Light seepage encountered between 20 
and 40 feet. 
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Well log continued 
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G A S CONTROL >A/ELL N 0 . 1 1 
Logged By-.DW_ 

noto 6-2-86 P i p y 350± 

Graph US 
CS 

Soil Description Depth 
( f t ) 

Sample Well Installation 

GM Tan silty sandy GRAVEL with occasional 
cobbles. 
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Backfill 
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Well terminated at 90 feet below existing grade. 
Groundwater encountered at 88 feet during drilling rising to 73 feet. ^ H 
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Graph US 
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Soil Description Depth 
( f t ) 

Sample Well Installation 
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Well terminated at 70.0 feet below existing grade 
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GAS CONTROL \A/ELL NO. 13 
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ELEV. 
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Graph US 
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Soil Description Depth 
( f t ) 

Sample Well Installation 
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Well log continued. 
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Graph US 
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Soil Description Depth 
( f t ) 

Sample Well Insta l la t ion 
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Well terminated at 105 feet. 
Groundwater not observed at time of drilling. 
Subsequently measured at 90.0 feet on September 9, 1986. 
No methane detected upon completion of well installation. 
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Graph 
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Soil Description Depth 
(ft) Sample Well Installation 
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Brown-tan silty SAND with gravel to 
gray silty gravelly SAND with cobbles, 
Damp, becomes wet. 

Gray clean to slightly silty sandy 
GRAVEL. Seepage encountered below 25' 

Gray silty sandy GRAVEL.to silty 
gravelly SAND with cobbles. 
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Well log continued. 
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GAS CONTROL \A/ELL NO. 14 
Logged By ..^W. 
_ ^ 9/9/86 
Date ELEV.__22iL 

Graph 

3SHE 

GM 

Soil Description 

Dark gray s i l t y sandy GRAVEL with some 
c lay , damp to wet 

Grades t o : 

Dark gray s i l t y SAND with some g rave l . 

Depth 
(ft) 
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Sample Well Installation 
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Well terminated at 96.0 feet. 
Groundwater observed at 55.0 feet at completion of drilling. 
Methane not observed upon completion of drilling. 
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GAS CONTROL \AAELL N0.1S 
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DW 
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Graph US 
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Soil Description Depth 
(ft) 

Sample Well Installation 
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Brown silty sandy GRAVEL to silty 
gravelly SAND. 

Gray gravelly silty SAND (Till) 
Perched groundwater above 28' 
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with gravel. 

Increasing gravel below 45 feet. 
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Well log continued. 
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GAS CONTROL \A/ELL NO.iS 
Logged By. 

DW 

Data. 9/16/86 ELEV. 

Graph US 
CS 

Soil Description Depth 
( f t ) 

Sample Well Ins ta l la t ion 
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Dark gray silty sandy GRAVEL, wet 
below 75 feet. 

Dark gray silt lense at 76' 

Dark gray silty sandy GRAVEL, grades 
to clean 

Sandy GRAVEL, wet. 
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V̂ ell terminated at 95 feet. 
Groundwater measured at 90.0 feet •at time of drilling. 
Subsequent measurement at 74.0 feet. 
Perched groundwater between 20 to 28 feet. 
Methane not detected upon completion of installation. 
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A P P E N D I X C 

GAS CONTROL WELLS 



Mr. Clyde Moore 
March 5, 1987 

! • 

APPENDIX C 

GAS CONTROL VELLS 

Sketches of the as-built well installations are shown on the borehole logs in 
Appendix B. 

The gas control wells consist of schedule 40 PVC well screen and solid-wall 
casing packed in pea gravel. All joints are threaded and flush. The slot 
width on the well screen is 0.1 inch. Wells C-6 through C-12 have PVC well 
screen and casing three inches in diameter. Wells C-13, C-14 and C-15 were 
installed with four-inch-diaraeter PVC screen and casing. Unslotted PVC 
casing was used for the uppermost section at each well and at other depths 
within several wells where a special effort was made to exclude perched water 
from the wells. 

The pea gravel well packing was installed to a point a few feet above the 
uppermost well screen slots. A seal about two feet long made with at least 
50 pounds of bentonite pellets was placed above the pea gravel. Water was 
added to swell the pellets. Cement grout was placed above the pellets to 
within a few feet of the existing grade. 

After the gas control wells were installed in the boreholes, the gas exhaust 
system installations were completed by Parametrix, Inc. 

Although little methane was observed while the boreholes for the gas control 
well were being drilled, significant amounts were noted in several boreholes 
after the steel casings were withdrawn and the wells were being installed. 
Compressed air was used to dilute the methane until the well could be capped. 
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1.0 INTRODUCTION 

The Midway Landfill is located within the City of Kent approximately 15 miles 
south of the City of Seattle. The landfill occupies a 60-acre site located 
between Interstate 5 euid Highway 99, north of 252nd Street. In January 1966, 
the City of Seattle leased the site and began using it as a landfill. The 
landfill received demolition debris from commercial haulers and wood wastes 
and yard trimmings from the City's transfer stations. Records beginning in 
1978 indicate that some industrial wastes also were deposited with the 
approval of the Seattle-King County Health Department. Information included 
in EPA's Emergency and Remedial Response Information System (ERRIS) files 
indicates that the landfill may have received industrial liquid and sludge 
wastes before 1980. It was closed in 1983, although clean soil materials 
from excavation projects are still accepted at the site to assist in final 
grading and cover. During the course of operations at the landfill, an 
estimated 3 million cubic yards of solid wastes were deposited. The waste 
covers approximately 40 acres and is over 100 feet deep in places. 

From September 1985 through December 1987, the City of Seattle installed a 
series of gas migration control wells around the perimeter of the site as an 
emergency measure of final closure. These wells are connected by manifold 
piping to temporary motor blowers and flares. This system is under con
tinuous operation and portions will be replaced by permanent facilities as 
part of final closure construction. 

The system described in the following report was designed and installed 
outside of the scope of the Remedial Investigation and is reported In this 
document for reference. 

City of Seattle Midway LF RI 1 March 24, 1988 
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2.0 EXISTING CONDITIONS 

2.1 Offsite Migration of Landfill Gas 

In the Fall of 1986, prior to the installation of the Phase II onsite 
migration control wells, landfill gas was found to have migrated up to 2800 
feet from the leindfill. Confidence was high that this was not landfill gas 
which had migrated offsite since the implementation of the Phase I migration 
control system, rather it was gas which had migrated prior to that time and 
had formed large reservoirs in the surrounding neighborhoods. The Phase I 
migration control wells were determined to be inadequate at drawing this 
migrated gas back to the landfill due to the distance which the gas had 
traveled and the estimated size of the offsite reservoirs. 

The drilling of offsite probes described in Appendix B of this report has 
showii complex geological conditions around the site (see Appendix G). The 
landfill site had been em operating gravel pit. The sandy-gravel soils 
extend away from the site in all directions. In some areas there are sandy-
silt layers interspersed. To the south and east there is a relatively low-
permeability glacial material cap of silty, sandy gravel forty to sixty feet 
deep over the gravels. This till cap is also present to a lesser depth in 
some areas north and west of the site. There are peat deposits west and 
south-east of the site. The area west of the site and a portion of the 
freeway corridor east of the site were filled with gravels. 

The sandy-gravel soils act as a low-resistance pathway for gas migration. 
The glacial material cap tends to keep the gas in the gravels, retarding the 
gas from venting to the atmosphere. The migration has been further pushed 
along by fluctuations in atmospheric pressure, which expand and contract the 
gas reservoir. Annual changes in the groundwater table also helped extend 
the migration. 
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3.0 OBJECTIVES 

3.1 Installation of Gas Extraction Wells to Control Gas 
Migration 

In climates such as the Puget Sound area, anaerobic decomposition and methane 
generation starts about a year after burial of wet or damp solid waste. The 
anaerobic bacteria produce methane as a byproduct of digestion of waste. 
This gas is expelled under slight positive pressure. The volume produced by 
individual bacterium is small, but many millions of bacteria over a period of 
time can create the volume and pressure sufficient to cause the gas to move 
away from the area where it is generated. 

At Midway, methane gas was found to have migrated offsite into surrounding 
neighborhoods and business areas. Therefore, as an emergency remedial 
measure of final closure at the site, the City of Seattle engaged Parametrix, 
Inc. in September, 1985, to install several gas extraction vacuum wells along 
the perimeter of the landfill within the landfill's boundaries. They were 
connected to manifold piping, vacuum motor blowers and flares to extract the 
produced landfill gas before it could migrate offsite. Also, it was hoped 
that these wells would be capable of drawing previously migrated gas back to 
the landfill. These wells are referred to in this report as Phase I wells. 

In September, 1986, the Phase I wells alone were determined to have certain 
weaknesses in creating an effective "vacuum curtain" around the landfill and 
thereby preventing landfill gas from migrating offsite. Also, the Phase I 
wells were unable to draw migrated gas back to the landfill in a reasonable 
amount of time. Therefore, from November 1986 through December 1987, a 
series of extraction wells drilled in native soil were installed around the 
perimeter of the site along with ten wells drilled in the interior of the 
landfill. 

The philosophy of this Phase II design was two fold. The perimeter wells 
drilled in native soil could be drawn on at a higher vacuum than the Phase I 
wells drilled in waste. This creates a stronger vacuum curtain to not only 
prevent produced gas from escaping, but also to draw migrated gas back to the 
landfill. The ten new interior wells were installed to eliminate interior 
pressure against the vacuum curtain. The disadvantage of drawing on the 
wells drilled in native soil is that the concentration of combustible gas in 
the gas stream from these wells in not adequate to keep the flare lit. 
Therefore, the interior wells provided the added advantage that the higher 
BTU content from these wells would assist in maintaining the flare. Also the 
interior wells and the Phase I wells help in odor control at the site. 

Figure D-1 shows the locations of the Phase I and Phase II extraction wells. 
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3.2 Extraction of Gas From the Landfill 

The vacuum induced in the extraction wells draws the gas generated in the 
landfill toward the wells. The radius of influence of onsite extraction 
wells varies dependant upon the surrounding material/geology. Wells drilled 
in waste could have a large potential radius of influence due to the relative 
permeability of the in-place solid waste. However, because of the minimal 
cover currently in place at Midway and the occurrence of air infiltration 
into the landfill, the extraction wells are operated at a reduced vacuum and 
produce a limited effective radius of influence. Based on offsite probe 
data, the in-soil migration control wells have a large radius of influence. 

The Phase I and Phase II interior wells and the Phase I wells extract the 
bulk of the landfill gas produced. The Phase II wells drilled in native soil 
are designed to extract any landfill gas which escapes the barrier produced 
by the Phase I wells. The Phase II native soil wells are also operated to 
draw the offsite reservoirs of migrated landfill gas back to the landfill. 
Once this migrated gas has been pulled back to the landfill, the vacuums in 
the Phase II native soil extraction wells can be lessened to a point where, 
although they are still effective in maintaining a vacuum curtain, the net 
effect of low BTU gas in the manifold system is reduced. 

3.3 Elimination of Offsite Gas Migration 

The elimination of offsite landfill gas migration is the primary purpose of 
the onsite gas migration control system. Generally, this has been ac
complished in a four step process. As described above, the Phase I wells 
were installed in an emergency attempt to extract the bulk of the landfill 
gas produced. The Phase II interior wells were installed to reduce the "back 
pressure" on the Phase I wells by extracting the gas produced in the middle 
of the landfill before it reaches the Phase I perimeter wells and to help 
control odors. The Phase II native soil wells produce the final barrier 
against offsite gas migration. These wells are run at a much higher vacuum 
generally than the wells installed in refuse and therefore create an effec
tive barrier against offsite gas migration. 

The fourth step in this process is not actually an elimination of offsite gas 
migration, rather it is a cleanup of gas which has migrated a great distance 
offsite. This process involves the installation of offsite control wells in 
the neighborhoods surrounding the landfill. These wells were installed as 
emergency remedial measures to eliminate the methane discovered in the 
basements and crawlspaces of homes and businesses near the landfill. These 
offsite control wells are discussed in detail in Appendix C of this report. 
Briefly, the offsite control wells are individual wells attached to small 
motor blowers which produce a vacuum in the surrounding soil, protecting the 
structures they are placed near, and removing gas from the surrounding soil. 
The successful performance of these offsite control wells caused the City to 
install several larger control wells in areas where large reservoirs of 
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migrated landfill gas is present in an attempt to remove that gas from the 
ground. 

3.4 Monitoring of Geis Levels and Temperatures 

Methane gas and carbon dioxide are produced in the anaerobic decomposition of 
organic materials. Carbon dioxide, water, and heat are produced in the 
aerobic decomposition of organic materials. The major constituents of the 
gas in an onsite migration control well are monitored carefully to determine 
the amount of anaerobic and aerobic decomposition taking place in the 
surrounding waste. These data allow the operator to decide how to adjust the 
well to maintain its safe operation. 

The temperature of the gas stream is an important characteristic to monitor 
in the migration control wells installed in waste. The heat produced in 
aerobic decomposition can cause the decomposing waste to combust spontaneous
ly if it is not carefully monitored. However, temperature is not as useful 
an indicator in migration control wells drilled in native soil, because the 
soil acts to cool the gas stream before it can be sampled. 

3.5 Burning Extracted Gcis 

To reduce the contaminants emitted to the atmosphere by the extraction of 
landfill gas, the extracted gas is flared. Currently on site, two temporary 
flares are in use. These flares will be replaced with permanent flares as 
part of the final landfill closure. 

3.6 Avoiding Starting Fires in the Waste 

In-waste gas migration control wells installed at the Midway Landfill are 
monitored at least weekly to assure their optimum performance with respect to 
control of offsite migration of landfill gas, and to assure that the opera
tion of the well system is not "over stressing" the landfill, (extracting 
landfill gas too aggressively and thereby creating the potential for landfill 
fires). 

The heat produced by aerobic decomposition can start an underground fire in 
the deposited solid waste. Therefore, the amount of aerobic decomposition 
taking place in the landfill is closely monitored to assure safe operation of 
the system. The safe operation of the system is accomplished by suppressing 
the amount of air allowed to be exposed to deposited solid waste. 

• I 
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4.0 METHODOLOGT 

4.1 Onsite Gas Veils 

4.1.1 Location 

Thirty-four Phase I migration control wells (see Figure D-1) were installed 
in waste on 100- to 200-foot centers around the perimeter of the landfill. 
This spacing was designed to create overlapping spheres of influence between 
wells. However, many areas of the landfill lack sufficient clay cover to 
prevent air being drawn through the soil cover into the waste surrounding the 
wells. This air intrusion results in a low operational vacuum in the wells. 
Accordingly, these Phase I wells could not influence a large enough area to 
provide confidence that the vacuum barrier was being produced, especially 
along the eastern boundary. Therefore, three additional migration control 
wells, numbers 35, 36, and 37, were installed between existing migration 
control wells 18, 19, 20, and 21. These three new wells are double-com
pleted, that is, they have two pipes of different depths so that gas flow can 
be adjusted to minimize air intrusion at the shallow level but maximize 
vacuum at the deeper level. | 

Because of the operational limitations of the Phase I migration control wells 
in preventing offsite migration of landfill gas, forty additional Phase II 
migration control wells were planned. Forty-one of these Phase II wells, 
also shown on Figure D-1, were installed between November, 1986 and December, 
1987. Twelve of the Phase II migration control wells were installed in 
native soil on approximately 175-foot centers along the eastern border of the 
landfill. These wells are labeled PD-1 through PD-12. 

Nineteen of the Phase II migration control wells were installed in native 
soil on approximately 300-foot centers along the north, west and south 
boundaries of the landfill. These wells are numbered PA-1 through PA-10 and 
PC-1 through PC-9. 

Ten of the Phase II migration control wells were installed in waste in the 
interior of the landfill. Six wells were placed in the north half of the 
landfill and four in the south. These wells are numbered 38 through 47. 

4.1.2 Migration Control Well Typical Installations 

The thirty-four original Phase I migration control wells were installed in 
waste using a 24 to 30 inch auger. These wells were drilled to SOX of the 
depth of the landfill at that point. Generally, the wells were drilled 
between 40 and 100 feet deep. The wells are completed with a single 6-inch-
diameter PVC casing which is perforated from between roughly 25 feet below 
ground surface to the bottom of the well. A 20 foot slip joint is installed 
between 5 and 25 feet below ground surface to allow for landfill settlement. 
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This slip joint is made of 8-inch diameter PVC vith an 8"x6" slip bushing on 
the lower end. The well casing is inserted into this slip joint but not 
physically attached. As the landfill settles, the casing is designed to 
telescope in on itself. The well is filled with a gravel backfill up to 22 
feet below ground surface. Above the gravel backfill is an approximate two 
foot thick bentonite or concrete plug. The remainder of the well is back
filled with native material. A cross section of a typical Phase I extraction 
well is shown on Figure D-2. 

The Phase II interior migration control/odor control wells were installed in 
waste using a 24 to 30 inch auger. These wells also were drilled to 80% of 
the depth of the landfill, generally over 100 feet deep. These wells are 
double completed with one casing 6-inch-diameter PVC casing installed to 
approximately one half the total depth of the well. This "shallow comple
tion" 6-inch casing is perforated between 25 feet from ground surface to the 
bottom of the completion. The second completion is an 8-inch-diameter PVC 
casing installed to the depth of the well. The 8-inch casing is perforated 
from below the bottom of the shallow completion to the bottom of the well. A 
two foot thick bentonite plug is placed between the shallow completion and 
the deep completion and above the screened interval of the shallow comple
tion. The screened intervals for both completions are filled with a gravel 
backfill. Native soil is backfilled between the upper bentonite seal and 
ground surface. A slip joint is installed in both completions similar to 
that installed in the Phase I wells except that the deep completions of these 
wells require a 10-inch-diameter slip joint. The three additional Phase I 
wells installed after the original 34 were completed similarly to the Phase 
II interior wells except that both completions are 6-inch-diameter, see 
Figure D-3. A typical cross-section of a Phase II double completion migra
tion control well is shown on Figure D-4. It is expected that at least six 
additional interior migration/odor control wells will be required to effec
tively control odor. 

The Phase II native soil wells are drilled using a 12-inch diameter top drive 
rotary drill rig with compressed air to remove the cuttings. The completion 
of these wells are similar to that of the Phase II interior wells with the 
exception that both completions are 4-inch-diameter PVC casing and a slip 
joint is not required. A typical cross-section of a Phase II double comple
tion well is shown on Figure D-5. The well head completion detail for Phase 
II native soil wells is shown on Figure D-6 for wells installed on the west 
boundary of the landfill (wells PA-1 thru PA-6, PA-10, and PC-1 through PC-
9). These wellheads were completed simply by extending the casings above 
ground. The wellheads for Phase II native soil wells installed to the east 
and south of the landfill (wells PD-1 through PD-12 and PA-7 thru PA-9) were 
buried in a vault as shown on Figure D-7. The vault was required because the 
wells to the east were installed on the Interstate 5 southbound shoulder and 
the wells to the south, with the exception of PA-10, vere installed outside 
the boundaries of the landfill on the right-of-way for South 252nd Street. 
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4.1.3 Water Levels in Migration Control Wells 

A study was performed in the winter of 1985 to determine the levels of water 
in the Phase I migration control wells. Each well was tested using a sounder 
to determine the distance from ground surface to standing water in the 
extraction well. 

A similar study was performed in February 1987 vhich included a test of the 
Phase II veils. The results of these tests are described in Section 5-6 of 
this report. 

4.1.4 Manifold, Blowers and Flares 

The manifold piping Installed for the Phase I and Phase II veils va built 
using PVC piping sized for minimal pressure drops throughout the ystem, 
based on the expected flovs from each well. The original portable diesel 
powered motor blowers were designed to move 1200 cubic feet per minute of air 
at 24 inches W.C. vacuum. In February, 1987, these blowers were r̂  placed 
with electric blowers designed to provide a flow of 2200 cfm of air at a 
static vacuum of 45 inches W.C. This replacement was necessary as a result 
of the decision to install substantial portions of the Phase II extraction 
system wells prior to the leindfill closure. Figure D-8 shows a typical 
schematic representation of the blower/flare system. 

The temporary flares currently in use at Midway are each designed to maintain 
a flame in a flow of 500 cfm of 50 percent methane. These flares are of a 
fixed louver design for air induction. These flares will be replaced in the 
permanent facilities with four permanent flares (one spare) designed to meet 
the emissions requirements of PSAPCA. Recent study by the South Coast Air 
Quality District has shown that 1500 degree F temperature maintained for 0.3 
seconds will eliminate most airborne pollutants. While the temporary flares 
currently at the site do not meet permanent flare requirements, the tests 
that have been performed have shown that this temperature is reached and 
there are no emissions problems. 

4.2 Operation of In-Vaste Wells 

In-waste gas migration control wells installed at the Midvay Landfill are 
monitored at least veekly to assure their optimum performance vith respect to 
control of offsite migration of landfill gas, and to assure that the opera
tion of the well system is not "over stressing" the landfill, (extracting 
landfill gas too aggressively and thereby creating the potential for landfill 
fires). 

Anaerobic decomposition, or decomposition of organic materials in an oxygen 
depleted environment, is accomplished by anaerobic bacteria. The by-products 
of anaerobic decomposition are methane and carbon dioxide. The anaerobic 
bacteria require organic materials (in this case, solid vaste), and water to 
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produce appreciable amounts of methane and carbon dioxide. Aerobic decom
position, or decomposition of organic materials in em oxygen rich environ
ment, is accomplished by aerobic bacteria. The by-products of aerobic 
decomposition are carbon dioxide, water, and heat. The heat produced by 
aerobic decomposition can start an underground fire in the deposited solid 
waste. Therefore, the amount of aerobic decomposition taking place in the 
landfill is closely monitored to assure safe operation of the system. The 
safe operation of the system is accomplished by suppressing the amount of air 
allowed to be exposed to deposited solid vaste. The folloving three steps 
are taken to assure that a minimum of aerobic decomposition is taking place 
in the landfill: 

0 Improve the landfill cover with low permeability material. 
0 Reduce the vacuum in the landfill so that less air is "sucked" 

through the cover to the solid waste. 
0 Closely monitor the amount of aerobic decomposition taking place in 

various areas of the landfill and adjust well vacuums accordingly. 

To accomplish the system goals of gas control without refuse fires, the 
following information is gathered about the gas stream from each completion 
zone of each well in the field: 

0 Combustible Gas Percentage 
0 Oxygen Percentage 
0 Carbon Dioxide Percentage 
0 Static Pressure 
o Temperature 
0 Velocity of Gas Stream in Well 

The sum of concentrations of combustible gas, oxygen, and carbon dioxide in 
the sampled gas stream will always equal less than 100% of the total gas 
stream make-up. Experience has shown that the balance of the gas stream 
make-up consists of water vapor and nitrogen, except for trace quantities of 
various organic compounds. The percentage of water vapor in the gas stream 
can be calculated from the following formula: 

( 3207 ) 
(7.89 ) 
( 395.43 + T ) 

10 
XH20 = X 100 

Pa + Pw 

Where -
T = Temperature in degrees Fahrenheit of the gas stream 
Pj = Atmospheric Pressure in inches water column 
Py = Pressure (or vacuum) in inches water column in the well 
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The balance of the gas stream is nitrogen. In other words, 100% - % methane 
- % oxygen - % carbon dioxide - X water vapor = % nitrogen. Free (or 
breathing) air consists of approximately 21% oxygen and 79% nitrogen, which 
is a ratio of 1:3.76. So, by multiplying the percent of oxygen recorded in 
the field by 3.76, the amount of nitrogen associated with free air can be 
known. 

As stated previously, aerobic decomposition consumes oxygen. It gets it's 
oxygen from air. The nitrogen associated with this consumed oxygen is not 
used in the chemical process of aerobic decomposition and is still present in 
the gas stream. This "carried over" nitrogen is considered "residual 
nitrogen". This residual nitrogen is the balance of nitrogen present in the 
gas stream after the nitrogen associated with free air is subtracted. 

Example: 

Readings 

WELL# 
X 

taken in the field: 

CH4% 02% C02% 
21 7 18 

TEMP PRESS. FLOW 
48degF -5.0"WC 22 CFM 

Calculated Quantities: 

H20% (from above formula) = 1% 
Total N2% (100% - CH4% - 02% - C02% - H20%) = 53% 
N2 from free air (from ratio described above) = 26% 
Residual N2% (diff. btwn. total N2 and N2 from free air) = 27% 

Operational experience at Midway and other landfill sites has shown that a 
safe limit of aerobic decomposition in the waste surrounding em extraction 
well is indicated by a maximum of 30% residual nitrogen in the well gas 
stream. In consideration of this fact and the present goal to maximize flow 
and vacuum, wells in refuse are adjusted to allow no more than 30% residual 
nitrogen. Because heat is produced in aerobic decomposition, temperature is 
a very quick indicator of dangerous amounts of aerobic decomposition. 
Experience has shown that 108 degrees F in the well gas stream is a safe 
maximum temperature at which to operate an in-waste extraction well at the 
Midway site. Temperature is measured once a week, and more frequently if 
indicated. 

The above calculations and parameters are used only to give the operator an 
idea of what bio-chemical processes are taking place in the area of influence 
of a particular well. Other variables such as ambient temperature vs. 
temperature in the veil, barometric pressure, and influence of areas outside 
the landfill are also taken into consideration in the adjustment of migration 
control veils. 
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4.3 Operation of In-Soil Wells 

The primary purpose of migration control veils installed in native soil 
around the landfill is to create a vacuum barrier that will prevent offsite 
migration. These wells also are used in conjunction with offsite control 
wells to remove reservoirs of gas that have accumulated over time. 

In-soil wells are monitored and adjusted similarly to the wells installed in 
waste. Pressure in the onsite wells is measured and compared vith pressure 
in the offsite probes to verify the effectiveness of the extraction veils. 
The chemical make-up of the gas is monitored to determine the amounts of 
aerobic and anaerobic decomposition taking place in the area of the landfill 
influenced by a particular in-soil extraction veil. Hovever, temperature in 
in-soil veils is not as quick an indicator of aerobic decomposition in the 
vaste influenced by the veil, because the landfill gas extracted by an in-
soil veil has cooled somevhat by migrating through native soil. Therefore, 
the operator must rely more heavily on the calculations of residual nitrogen 
described in 4.2 to determine adjustments to be made to the in-soil veils. 

As vith migration control veils installed in vaste, these veils are monitored 
at least veekly. 

4.4 Extraction Piping and Equipment 

The manifold piping and blower are operated to maintain at least 10 inches 
W.C. in the extraction piping at the furthest point in the system from the 
blower. This is to allow flexibility in the adjustment of all migration 
control wells. The motor blowers operate on 460V 3 phase current and are 
operated continuously 24 hours per day seven days per week. 

To maintain the flame in the flare, a target of 30% minimum methane in the 
manifold gas stream has been determined. The air induction is a fixed louver 
design on the temporary flares; therefore, there is little flexibility 
regarding methane to air flow ratios. The permanent flares to be installed 
as part of the final closure will have adjustable louvers and temperature 
sensing ports to allow for more flexibility. A typical schematic representa
tion of the blower and flare facility are shown in Figure D-8. 
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5.0 RESULTS 

5.1 Interception of Gas Bearing Strata 

Based on the results of offsite probe monitoring data discussed in Appendix B 
of this report and the migration pathvays report in Appendix G, confidence is 
high that the gas bearing strata vhich alloved the extensive offsite landfill 
gas migration at the Midway Landfill has been intercepted. Since the 
installation and continued operation of the onsite migration control system 
begun in early 1986, offsite migration of gas appears to have been sig
nificantly reduced if not eliminated. A major area of concern at this time 
is to the south-east where large reservoirs of migrated landfill gas have 
accumulated over time. 

There is a strong possibility that the permeable gravel surrounding the site 
could allow enough air access from offsite into the landfill due to the 
induced vacuum even after the final cover is placed to present an "over-
stressing" problem. Therefore, the installation of a final cover will 
probably not completely solve the air intrusion and subsequent aerobic 
decomposition problem. Careful monitoring and adjustment of all migration 
control wells will continue to be needed for the life of the system. 
Monitoring will be needed for at least 20 years, but will decrease in 
frequency vith time. The data will be evaluated, and if any system weak
nesses are indicated, veils can be added. 

5.2 Gas Concentrations and Temperature 

The average combined methane concentration throughout the migration control 
system is currently approximately 30% by volume. Many in-vaste veils produce 
methane at levels over 40%. In contrast, most of the in-soil veils produce 
very lov concentrations of methane mixed vith free air. This is to be 
expected, because most of the leUidfill gas is extracted by the in-vaste 
veils. 

Many areas of the landfill lack the three feet of clay cover considered 
adequate to prevent intrusion of air into the vaste when wells are installed 
and operated. For this reason, gas flow in several of the migration control 
wells must be restricted to prevent unsafe levels of aerobic decomposition 
near the wells. Normally-operating in-waste extraction wells are currently 
producing gas at temperatures between 90 and 100 degrees F. This temperature 
reflects the level of aerobic decomposition allowed to occur in the landfill 
as a compromise between optimum operation of the extraction wells and safe 
limits of heat. 

•I 
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5.3 Gas Flow 

Prior to the installation of the Phase II wells, the average extracted gas 
flow throughout the landfill was approximately 900 to 1000 cfm of 35% to 50% 
methane. After the installation of the Phase II wells in February, 1987, an 
initial high flow of nearly 2000 cfm of 30% methane was measured as gas from 
the area vas being dravn through the soil surrounding the in-soil extraction 
veils. Over the course of about one month, this flow was reduced to 1200 to 
1400 cfm of 30% gas. Since then, the flow has gradually declined to 800 to 
1000 cfm of 30% gas. 

5.4 Change in Offsite Gas 

As discussed in Appendices B and C of this report, landfill gas at shallow 
depths have been greatly reduced (from as high as 55% by volume in some areas 
to less than 5% by volume in all areas). This is due not only to the 
operation of the onsite migration control system but also to the offsite gas 
extraction wells which were installed concurrently. 

Deep gas concentrations offsite have also been reduced from as high as 70% by 
volume in some areas down to less than 5% by volume west and north of the 
landfill and less than 40% by volume in areas east, south-east and south of 
the landfill. Evidence indicates that the areas where gas concentrations 
remain high in deep soil zones are caused by gas reservoirs which have 
accumulated over time. These areas are still causing concern and steps such 
as the installation of additional offsite control wells and additional in-
soil migration control wells are being studied in an attempt to remove this 
gas. 

5.5 Effect of Adjustments 

When the influenced waste near a migration control well exhibits the charac
teristics of aerobic decomposition above safe limits, the flow from that well 
is reduced by use of the control valve installed on each completion of every 
well. Conversely, when readings taken indicate that a well can be drawn on 
harder and still be within safe limits, the flow is Increased. In this way, 
wells eventually vill be adjusted to a stable level of maximum safe flow. 
After this has been accomplished, the frequency at which a well is monitored 
can be reduced. The only future adjustments necessary should be due to 
seasonal changes in average barometric pressure, and the gradual decline of 
methane production in the landfill. 

Adjusting the flow to achieve the optimum operating level in the migration 
control wells has proven to be quite effective. Generally, changes in gas 
concentrations can be witnessed vithin 24 hours, although sometimes this 
process can take veeks. Except for the effect of barometric changes, the 
flov in veils remains fairly constant betveen adjustments. 
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5.6 Results of Vater Level Measurements 

In a test performed in the vinter of 1986, it vas found that twelve of the 
migration control wells contained significantly high water levels, see Table 
D-1. The effectiveness of these wells was reduced depending on the ratio of 
well screen above and below the water table. Because these wells were 
clustered principally in three non-adjacent groups, emd no water table vas 
known to correlate with the water levels in the wells, it was concluded that 
these were local perched water tables within the refuse. By the summer of 
1986, vhen it vas decided to pump the veils dovn, they vere dry again. 

A second test performed in the vinter of 1987 again found no evidence of a 
single continuous vater table throughout the landfill. Table D-2 shovs the 
results of the second study, including a list of the drill depths and 
completion levels of each migration control well. 

•I 
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TABLE D-1 
WATER LEVELS IN ONSITE MIGRATION CONTROL WELLS (WINTER, 1986) 

WELL # DRILL DEPTH TO HEIGHT OF 
DEPTH WATER WATER 

FM. GRD. IN WELL 
kXXkkkkkXXkkkkkkkXXXXXkkkkkkkkkkXXXkkXXXXkkkkXkkkXXXkkXXXX-kXXXXkXXXXkkkkkkk 

1 49.5 47 2.5 
2 60.5 37.5 14.8 
3 51.5 37 14.5 
4 61 31.5 29.5 
5 66 36 30 
6 60.5 42.5 18 
7 70.5 56.5 13.5 
8 67.5 65 2.5 
9 71 56.5 14.5 
10 65.5 55 10.5 
11 61.5 59 2.5 
12 61.5 57 4.5 
13 62 40.5 21.5 
14 65.5 55 10.5 
15 61 57.5 4.5 
16 61 55 6 
17 87 N/A N/A 
18 101 N/A N/A 
19 93.5 N/A N/A 
20 92.5 N/A N/A 
21 101 96.5 4.5 
22 76.5 69 7.5 
23 79 47.5 31.5 
24 60.7 51 9.7 
25 89 60.5 28.5 
26 87.5 50 33.5 
27 86 72.5 13.5 
28 89.5 86 3.5 
29 87 81.5 5.5 
30 50 47 3 
31 76.4 52.5 24.1 
32 81 76 5 
33 68 41 27 
34 68 57 11 
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TABLE D-2 
VATER LEVELS IN ONSITE MIGRATION CONTROL VELLS (FEBRUART 20, 1987) 

WELL # DRILL 
DEPTH 

DEPTH TO 
VATER 
FM. GRD. 

k1c*k*kkkkk-k-k*****kkk-k-k*-k*****k-k-kic***-k**k**kk*Xki 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35S 
35D 
36S 
36D 
37S 
37D 
38S 
38D 
39S 
39D 
40S 

49.5 
60.5 
51.5 
61 
66 
60.5 
70.5 
67.5 
71 
65.5 
61.5 
61.5 
62 
65.5 
61 
61 
87 
101 
93.5 
92.5 
101 
76.5 
79 
60.7 
89 . 
87.5 
86 
89.5 
87 
50 
76.4 
81 
68 
68 
42 
98 
46 
94 
48 
98 
56 
110 
64 
126 
64 

N/A 
60.5 
30.58 
61 
34.41 
37.64 
50.22 
63.17 
51.67 
51.62 
58.31 
50.37 
37.26 
65.5 
54.11 
53.69 
91 
99 
86 
85 
94 
67.75 
40 
47 
60 
61 
68.8 
87 
82 
46.53 
74 
69 
44.53 
54.87 
41 
91 
42 
91 
48 
97 
56 
75 
64 
110 
64 

HEIGHT OF 
VATER 
IN VELL 

l rkkkX****kkkk**kk-k-k*kk*kkk-k* 

N/A 
0 
20.92 
0 
31.67 
22.86 
20.28 
4.33 
19.33 
13.88 
3.19 
11.13 
24.74 
0 
6.89 
7.31 
6 
2 
7.5 
7.5 
7 
8.75 
39 
13.7 
29 
26.5 
17.2 
2.5 
5 
3.47 
2.4 
12 
23.47 
13.13 
1 
7 
4 
3 
0 
1 
0 
35 
0 
16 
0 
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TABLE D-2 (CONT.) 
VATER LEVELS IN ONSITE MIGRATION CONTROL VELLS (FEBRUARY 20, 1987) 

HEIGHT OF 
VATER 
IN VELL 

16 
0 
27 
10.28 
0 
0.49 
29.5 
0.49 
27.85 
0 
24.99 
4.28 
39.95 
3.22 
32.76 
17 
10.34 
N/A 
N/A 
0 
0 
0 
0 
0 
0 
33 
65 
0 
42.1 
3.5 
3 
19.5 
0 
0 
0 
19 
16.73 
0 
2 
0 
0 
0 
0 
0 
0 

25 

VRT.I. i f D R I L L 
DEPTH 

DEPTH T 
VATER 
FM. GRD 

ik***kk**-k*-k*k-kkkk*-k-k-k-kie-k***-k-kk**-*rk* 

40D 
41S 
41D 
42S 
42D 
43S 
43D 
44S 
44D 
45S 
45D 
46S 
460 
47S 
47D 
PAIS 
PAID 
PA2S 
PA2D 
PA3S 
PA3D 
PA4S 
PA4D 
PASS 
PA5D 
PA6S 
PA6D 
PA7S 
PA7D 
PASS 
PA8D 
PA9S 
PA9D 
PAIOS 
PAIOD 
PC8S 
PC8D 
PDIS 
PDID 
PD2S 
PD2D 
PD3S 
PD3D 
PD4S 
PD4D 

126 
60 
118 
32 
62 
39 
78 
39 
79 
42 
82 
47.5 
93 
43.5 
85 
29 
67 
35 
67 
56 
93 
44 
98 
60 
118 
63 
120 
58 
117 
52 
112 
64 
138 
66 
133 
32 
76 
65 
130 
63 
130 
56 
113 
68 
130 

110 
60 
91 
21.72 
62 
38.51 
48.5 
38.51 
51.15 
42 
57.01 
43.22 
53.05 
40.28 
52.24 
12 
56.66 
N/A 
N/A 
56 
93 
44 
98 
60 
118 
30 
55 
56 
74.9 
48.5 
109 
44.5 
138 
66 
133 
13 
59.27 
65 
128 
63 
130 
56 
113 
68 
130 
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TABLE D-2 (CONT.) 
VATER LEVELS IN ONSITE MIGRATION CONTROL VELLS (FEBRUARY 20, 1987) 

VELL # 

PD5S 
PD5D 
PD6S 
PD6D 
PD7S 
PD7D 
PD8S 
PD8D 
PD9S 
PD9D 
PDIOS 
PDIOD 
PDl IS 
PDl ID 
PD12S 
PDl 2D 

DRILL 
DEPTH 

kXkkkXX 

60 
118 
50 
110 
58 
117 
46 
101.5 
44 
99.5 
51 
101.5 
51 
101 
38 
91 

DEPTH TO 
VATER 
FM. GRD. 

HEIGHT OF 
VATER 
IN VELL 

kkk**kkk-k*kkk*kkkkkk*kkkk- t rk i rk*k**k 

60 
118 
50 
94 
56 
89 
46 
86 
44 
80.5 
47 
81 
51 
76 
38 
78 

0 
0 
0 
16 
2 
28 
0 
15.5 
0 
19 
4 
20.5 
0 
25 
0 
13 
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6.0 CONCLUSIONS 

The current onsite migration control system is doing an effective job in 
eliminating the amount of offsite landfill gas migration. The addition of 
the final cover will allow for increased flows from both in-waste wells and 
in-soil wells, which should help to decrease the concentrations of methane 
gas that have accumulated offsite. In the future, if weaknesses in the 
system are found through data evaluation, it may be necessary to install 
additional wells to gain confidence in the system's ability to control 
migration. 

The completion of the final cover onsite, and the rerouting of surface water 
runoff from Interstate 5 and areas east (which is now discharged into the 
landfill) vill eliminate most of the variable vater vithin the landfill. 
This will improve the efficiency of certain extraction veils. 
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EXECUTIVE SUMMARY 

This technical memorandum summarizes the findings of several studies that 
were conducted to characterize the chemical composition of subsurface gases 
in the vicinity of the Midway Landfill. These studies compare on-site 
subsurface gas from Midway Landfill with off-site subsurface gas to evaluate 
the possibility that components of the landfill subsurface gas have migrated 
off-site. 

First, gas from individual on-site gas extraction wells was analyzed to 
describe its composition, with particular emphasis on substances known to be 
present at specific locations deep vithin the landfill, based on previous 
studies. Then, pre-combustion flare gas, composed of the combined gases 
extracted from the numerous individual on-site gas extraction veils, vas 
analyzed to determine the "average" composition of gases extracted from the 
landfill. Finally, subsurface gas collected from off-site gas monitoring 
probes and off-site gas control veils vas compared vith subsurface gas 
collected on-site to evaluate the nature and extent of potential off-site 
migration of substances in the landfill subsurface gas. 

The results of the gas characterization studies described in this technical 
memorandum shoved that subsurface gas collected from the on-site gas extrac
tion veils and flare manifolds contained a vide variety of substances, 
including numerous USEPA Hazardous Substances List Volatile Organic Compounds 
(HSL VOCs). The compounds found most frequently and in the highest con
centrations in the on-site subsurface gas included ethylbenzene, vinyl 
chloride, total xylenes, toluene, and benzene. The maximum concentrations of 
these compounds vere in the lov parts-per-million (ppm) range. 

Subsurface gas from on-site gas extraction veil 44D-0 vas generally observed 
to have higher concentrations of HSL VOCs than gas from other on-site 
sampling points. Of the 23 HSL VOCs detected in on-site subsurface gas, the 
maximum concentrations reported for 13 of the compounds vere observed at veil 
44D-0. One possible explanation is that well 44D-0 had a relatively low gas 
flow rate, 6 ft-̂ /min ("equilibrium flow"), at the time of sampling, which may 
have resulted in increased opportunity for these gas contaminants to accumu
late in the relatively smaller, slower-moving volume of gas. 

For the 23 HSL VOCs detected in the on-site subsurface gas, the mean on-site 
concentration for a given contaminant was typically less than 10% of the cor
responding maximum on-site concentration. The maximum observed on-site 
concentration for any HSL VOC detected during sampling of subsurface landfill 
gas was 31 ppm of vinyl chloride, detected at gas extraction well 44D-0. The 
mean concentration of vinyl chloride across all on-site gas extraction well 
samples was slightly less than 3 ppm. 

Benzene, toluene, and total xylenes are commonly referred to as the "BTX" 
group. Ethylbenzene and styrene were frequently found associated with this 
group of compounds. They all share similarities in chemical structure and 
properties and, for this reason, the five compounds have been treated and are 
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referred to collectively in this technical memorandum as "BTX-group" com-
ijounds. 

Other HSL VOCs vere found less frequently and in lover concentrations, 
generally in the parts-per-billion (ppb) range. The toxic inorganic gases 
hydrogen sulfide and carbon monoxide vere also reported present in on-site 
subsurface gas in the low parts-per-million range. Hydrogen cyanide and 
hydrogen chloride vere not detected in on-site subsurface gas. 

Concentrations of HSL VOCs in subsurface gas vere plotted on base maps of the 
site suid surrounding area to evaluate the association betveen on- and off-
site subsurface gas contaminant distribution. The results suggest that off-
site migration of at least some of the on-site subsurface gas contaminants 
has occurred, possibly in all directions away from the Midway Landfill. This 
is thought to be particularly true with respect to the BTX-group compounds. 

Vinyl chloride was frequently associated with the BTX-group compounds in on-
site subsurface gas, but during sampling off-site it was found at only two of 
the gas monitor probe locations, both south of the landfill. In a separate 
study, conducted by Farr, Friedman & Bruya, Inc., under subcontract to 
Parametrix, vinyl chloride was also found at concentrations of up to 1-3 ppm 
at other locations to the east and south of Midway Landfill in the subsurface 
gas samples collected from off-site gas control wells. Factors affecting the 
distribution of vinyl chloride in subsurface gas in the vicinity of Midway 
Leindfill may be different from those affecting the distribution of the BTX-
group compounds; this is discussed in further detail in the Midway Landfill 
Remedial Investigation Summary Report (Parametrix, 1988). 

Several HSL VOCs were detected in subsurface gas samples collected west of 
the landfill at off-site gas monitoring probe completions 88-S and 88-M, 
which were adjacent to a wetland area. It is difficult to determine solely 
from the gas characterization studies the degree to which compounds found at 
this location may be associated with materials present in the wetland, as 
opposed to being materials that have possibly migrated from Midway Landfill. 
Although some HSL VOCs were detected in off-site subsurface gas monitoring 
probes to the east, remedial investigation data do not suggest extensive 
migration of subsurface gas contaminants in this direction. None of the 
compounds reported at gas monitoring probe M-M appear to have migrated as far 
east as probe 50-S. 

From the analysis presented in this technical memorandum, it vas concluded 
that off-site migration of BTX-group compounds has occurred. This conclusion 
is based on the folloving: 

o Comparison of the types of compounds found in on- and off-site 
subsurface gas samples, 

o Mapping of the geographic distribution of the concentrations of 
specific compounds, and 

o The likelihood of finding these compounds in association. 
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It vas further concluded that the five BTX-group compounds described above 
(ethylbenzene, total xylenes, toluene, benzene, and styrene) comprise the 
best available "fingerprint" of USEPA HSL VOCs that are consistently present 
in both on-site and off-site subsurface gas. Off-site concentrations for the 
five BTX-group compounds vere consistently lover than the corresponding on-
site concentrations. 

The gas characterization studies conducted for the Midway Landfill Remedial 
Investigation were not designed to identify the mechanisms responsible for 
observed attenuation of subsurface gas components; however, some possible 
mechanisms might be biodegradation, chemical interactions with water or soil 
components, adsorption onto soil organic matter, and the action of the on-
site gas extraction system in drawing subsurface gas back toward the land
fill. 

Results of a study conducted outside the scope of the remedial investigation 
(Farr, Friedman, and Bruya, 1987) further indicated that evaluation of the 
ethane/methane and propane/methane ratios might be useful in distinguishing 
Midway Landfill gas from natural gas that is supplied by local utilities such 
as the Washington Natural Gas Company. 
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1.0 INTRODUCTION 

This technical memorandum discusses studies that were conducted by Para
metrix, Inc., to characterize the composition of subsurface landfill gas from 
Midway Landfill as part of the Midway Landfill Remedial Investigation 
required by the Washington State Department of Ecology. Data from previous 
studies are discussed and compared with the studies conducted specifically 
for the remedial investigation. 

1.1. PREVIOUS REPORTS ON MIDWAY LANDFILL GAS COMPOSITION 

Previous reports on the chemical composition of gases associated with the 
Midway Landfill include: 

o Chemical Hazards in Gaseous Emissions from Municipal Landfills. 
University of Washington, Department of Environmental Health, 
Environmental Health Special Investigation EHSI 85-001. September 
1985. 

o Evaluation of Potential Health Effects Associated with Off-Site Gas 
Extraction Systems at the Midway Landfill. University of Washing
ton, Department of Environmental Health, Ad Hoc Committee on Midway 
Landfill Hazards. April 1986. 

1.1.1 THE CHEMICAL HAZARDS IN GASEOUS EMISSIONS FROM MUNICIPAL LANDFILLS 
REPORT 

The September 1985 study conducted by the University of Washington Department 
of Environmental Health examined the concentrations of selected inorganic 
gases and volatile organic compounds in gas from the inlets of three of the 
numerous small on-site temporary gas flares. These small flares vere used to 
control leindfill gas emissions prior to the installation of the current on-
site gas extraction system, vhich consists of on-site gas extraction veils, 
motor blovers, and tvo temporary gas flares. Data from this study are 
summarized in Tables 1-1 and 1-2. The findings of the 1985 report included 
the folloving observations: 

o Combustible gas concentrations ranged from 34-36% by volume. 

o Carbon monoxide concentrations ranged from 10-30 ppm. 

0 Hydrogen sulfide concentrations ranged from 0.9-18 ppm. 

0 Hydrogen cyanide concentrations vere belov the detection limits of 
0.33 ppm and 0.03 ppm respectively at the two flares sampled for 
this compound. 

o Numerous volatile organic compounds were detected, vith concentra
tions of selected compounds or compound classes ranging up to 
approximately 45 ppm. Compounds detected included benzene, 
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Table 1-1. Inorganic gases detected at the Midway Landfill during University of Washington 
survey of 5/17/85. 

Parameter Sampled 

Combustible gas 

Carbon monoxide (CO) 

Hydrogen sulfide (H2S) 
Hydrogen sulfide (H2S) 

Hydrogen cyanide (HCN) 

Samoling Method 

Explosimeter 

Drager tube 

Drager tube 
Impinger/colorimetry 

Impinger/Ion chromatography 

Flare #5 

34% 

10 ppm 

1 ppm 
0.9 ppm 

Flare #25 

36% 

30 ppm 

18 ppm 
17 ppm 

Note: Sampling points vere "mini-flares" in use prior to present gas control 
system; samples vere taken of unburned gases. 

Source: University of Washington, 1985. 

•I 
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Table 1-2. Volatile Organic (impounds (VOCs) detected at the Midway Landfill during 
University of Washington survey of 5/17/85. 

i S 3 3 3 3 3 « a s a a a 3 a « a a a 3 a a 3 3 a a « 3 3 a a s a 3 3 3 3 3 s a a a 

CAS # COMPOUND 

67-
107-

71-
540-

79-
108-
111-
127-

111-
79-

136-

loa-
75-

loa-
78 
71-
7S 
67 
75 

156-
75 
78 

•64-1 
06-2 
43-2 
•84-1 
•01-6 
•88-3 
•65-9 
•18-4 
N/AP 
•84-2 
•34-5 
•86-3 
N/AP 
•90-7 
•09-2 
•10-1 
•93-3 
•55-6 
•00-3 
-66-3 
•34-3 
-60-5 
-35-4 
•87-5 

acetone 
1»2-dichloroethane 
benzene 
iaooctane 
t r i c h l o r o e t h e n e 
t o luene 
oc tane 
t e t r ach lo roe thene 
C-2 benzenes 
nonane 
1 ,1 ,2 ,2 - t e t r ach lo roe thane 
l i aonene 
C-(11,13,14,1S) coapbunde 
chlorobenzene 
• e thy lene ch lor ide 
4-Bethyl-2-pentanone 
2-butanone 
1,1,l-trichloroethane 
chloroethane 
chlorofora 
1,1-dichloroethane 
trans-1,2-dlchloroethene 
1,1-dichloroethene 
1,2-dichloropropane 

Laucka 
Data 
(ppa> 

0.28 
0.07 
0.02 
NR 

O.OS 
0.42 
NR 

0.05 
0.63*0.57 

NR 
NR 
NR 
NR 

< 0.01 
0.17 
0.79 
0.13 
0.17 
0.04 

< 0.01 
0.18 
0.21 
0.01 
0.01 

Laucka 
Data 

(ag/aS) 

0.67 
0.28 
O.OS 
NR 

0.27 
1.57 
NR 

0.34 
5.22 
NR 
NR 
NR 
NR 

< O.OS 
0.39 
3.25 
0.38 
0.93 
0.10 

< 0.05 
0.73 
0.83 
0.04 
0.05 

Flare «5 
(ppa) 

0.47 
ND 

5.66 
0.83 
ND 

1.63 
2.45 
1.02 
20.38 
6.20 
ND 

7.68 
2.40 
Trace 
0.76 
Trace 
Trace 

ND 
ND 
ND 
NO 
ND 
ND 
ND 

Flare «5 
(•g/a3} 

1.11 
NO 

16.97 
3.89 
ND 

6.09 
11.86 
6.84 
88.62 
32.45 

ND 
42.67 
15.26 
Trace 
2.66 
Trace 
Trace 

NO 
ND 
ND 
ND 
ND 
ND 
ND 

Flare #13 
(ppa) 

0.27 
ND 

2.70 
0.36 
ND 

1.95 
1.14 
0.73 
5.18 
4.17 
ND 

3.83 
0.48 
ND 

0.46 
NO 
ND 
ND 
ND 
NO 
ND 
ND 
ND 
ND 

Flare «13 
(•g/B3} 

0.63 
NO 

8.11 
1.67 : 
NO 

7.31 
5.51 
4.89 
22.50 
21.85 

ND 
21.25 
3.05 
ND 

1.60 
ND 
ND 
ND 
NO 
NO 
NO 
NO 
NO 
NO 

Flare #25 
(ppe) 

0.93 
0.57 
13.57 
1.98 
22.59 
37.00 
4.32 
1.26 
43.79 
6.01 
ND 

5.07 
1.20 
Trace 
3.05 
Trace 
Trace 

NO 
NO 
NO 
NO 

Trace 
Trace 

NO 

Flare #25 
(ag/aS) 

2.22 
2.29 
40.70 
9.31 

122.09 
138.58 
20.89 
8.47 

190.40 
31.49 

ND 
28.17 
7.63 
Trace 
10.65 
Trace 
Trace 

NO 
ND 
NO 
NO 

Trace 
Trace 

ND 

Source: University of Washington (1983). 

Notes: 
Ssapling points were "ainl-flares'* in use prior to present gas control systes; 
saaples were taken of unbumad landfill gases. 

ND • Not Detected (detection liait « 0.15 ag/a3 for 49 liter sasple). 
NR a Not Reported. 
• C-2 benzenes include ByO,p-xylene isosers and ethylbenzene. 
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toluene, several chlorinated solvents, and numerous alkyl and 
aromatic hydrocarbons. 

1.1.2 THE EVALUATION OF POTENTIAL HEALTH EFFECTS ASSOCIATED WITH OFF-SITE 
GAS EXTRACTION SYSTEMS AT THE MIDWAY LANDFILL REPORT 

In April 1986, the University of Washington Department of Environmental 
Health Ad Hoc Committee on Midway Landfill Hazards evaluated the potential 
human health effects associated with the observed concentrations of compounds 
present in gases vented by the off-site gas control wells located in residen
tial neighborhoods near Midway Landfill. [NOTE: This study used the term 
"off-site vent wells" to describe vhat Parametrix refers to as "off-site gas 
control veils" and the term "on-site vent wells" to describe what Parametrix 
refers to as "on-site gas extraction wells," including odor control wells and 
migration control wells.] The 1986 study concluded: 

0 Methane presents a fire and/or explosion hazard when its concentra
tion in air reaches at least 4.5%. At very high concentrations 
(generally in excess of 50% methane in air), methane may cause 
asphyxiation by displacing oxygen in breathing air. There are 
essentially no other health hazards associated with methane gas. 

o Carbon dioxide is not generally considered a toxic substance, but 
abnormally high concentrations in breathing air may result in 
transient but significant adverse health effects. Removal of 
exposed individuals to "fresh" air will result in rapid and 
complete recovery from symptoms. 

o Benzene, at the concentrations observed at Midvay Landfill, 
presents a hazard only vhere the possibility exists for chronic 
(i.e., repeated, long-term) exposure. Benzene is recognized by 
most regulatory agencies as a confirmed human carcinogen. Limited 
sampling of nearby residences has failed to find benzene even vhere 
relatively high levels of methane have been found, although the 
detection limits (0.1 ppm) used in the studies that vere evaluated 
were not adequately low to detect statistically significant 
increases above background benzene concentrations. 

o It vas judged unlikely that ambient air monitoring for benzene or 
other organic vapors vould produce any significant information 
about the contribution of landfill vent gas emissions [off-site gas 
control veil emissions] to ambient levels of volatile organics such 
as benzene. 

o Hydrogen sulfide fH2S) is highly acutely toxic. Hydrogen sulfide 
is a highly reactive substance and vill combine with vater, forming 
insoluble sulfides and acid sulfates. For this reason, it vould 
not be expected to migrate effectively through moist soil and vould 
not be expected to occur in vent gases off-site much beyond the 
landfill area. In each of four samples of off-site gas analyzed, 
H2S was below the limit of detection of 0.1 ppm and vas not 
detectable in any of the residential basement gas samples collected 
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(although a higher detection limit, 1 ppm, based on a different 
field method, vas used for this portion of the field surveys). 

Aromatic Hydrocarbons other than benzene (e.g., toluene and 
xylenes) vere identified in the off-site gas control veil emissions 
but vere generally present at concentrations belov vhat have been 
identified routinely in ambient air. Exposure to emissions from 
the off-site gas control veils could be expected to be totally 
insignificant relative to other common sources of these compounds. 

Methylene chloride was identified in samples at concentrations 
considerably above ambient levels but generally far below levels 
associated with any known adverse health effect. However, methy
lene chloride may be carcinogenic in experimental animals; the 
carcinogenicity of methylene chloride is still at issue. 

Trichloroethvlene (trichloroethene, TCE) was identified at con
centrations far below those known to produce any adverse health 
effects in humans and generally within the range reported for 
ambient indoor levels of TCE. TCE is generally classified as a 
potential human carcinogen, although further studies are necessary 
before a definite conclusion on the carcinogenicity of TCE in 
humans can be made. 

Acetone was identified in some off-site gas control well gas 
samples at "relatively low" concentrations (i.e., less than 0.2 
ppm). Acetone is considered one of the safest of all organic 
solvents, and exposure to acetone at the levels identified poses no 
conceivable health risks. 

Vinyl chloride data were not analytically verified and, thus, vere 
not included in the report. It vas concluded that vinyl chloride 
may have been present in the emissions from the of f-site gas 
control veils and that it vould be important to further ascertain 
the actual concentrations of vinyl chloride in the vent gas. Vinyl 
chloride is recognized as a human carcinogen, based on epidemio
logical studies in vorker populations vith relatively high levels 
of exposure. 

For all gaseous emissions other than methane, considerably lover 
levels vere found in off-site vent [gas control] veils relative to 
on-site vent [gas extraction] veils. Selective reduction in 
relative concentrations of gas components vould be expected for 
those components that: 

(a) Are of lover volatility; 
(b) Are of higher vater solubility; 
(c) Have reactive chemistry; 
(d) Have chemical affinity for solids and/or organic components of 

soil. 
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0 Under "vorst-case" atmospheric conditions, a minimum dilution 
factor of about 6,000 to 7,000 for emission gases in the breathing 
zone air vould result at a point 40 to 70 meters from the stack. 
At distances closer or further avay than this, the dilution factors 
are considerably greater. 

o Based on estimates of compound concentrations and expected dilution 
factors, acute health effects from the potentially toxic gases and 
vapors identified in landfill gas emissions are extremely unlikely. 

0 Based on a quantitative risk assessment presented in the report, it 
was concluded that "it is very unlikely that even one additional 
case of CeUicer vill ever occur in the Midvay community as a result 
of these landfill gases . . . the estimated level of risk, even if 
vieved as unacceptable, is likely to be insignificant compared to 
the background cancer risk in the general population . . . risk 
estimates determined for landfill gases are insignificant compared 
to other common sources of potentially cancer-causing chemicals." 

o The Summary and Conclusions section of the 1986 report concluded 
the following: "Based on the limited data available, none of the 
gaseous emissions in the off-site extraction [control] wells at the 
Midway landfill that have been identified to date, other than 
methane, appear likely to represent a significant direct threat to 
the health of the potentially exposed population. . . . This 
conclusion is not intended to minimize the seriousness of the 
methane gas problem." 

1.1.3 SUMMARY OF POTENTIAL HEALTH AND SAFETY HAZARDS RELATED TO MIDWAY 
LANDFILL GAS CONSTITUENTS 

Potential health and safety hazards related to compounds identified in Midvay 
Landfill subsurface gas in the tvo University of Washington studies included: 

0 Fire or explosion due to the presence of methane and other combus
tible gases, particularly vhen sources of heat, ignition, and 
oxygen are available. 

o Simple asphyxiation (suffocation) from breathing air vhere very 
high levels of landfill gas accumulate and oxygen is displaced 
(e.g., in lov-lying areas during on-site drilling into landfill 
vaste materials). 

o Acute toxic effects resulting from short-term exposures to un
diluted landfill gas. The primary compounds of concern with 
respect to short-term exposures include the toxic inorganic gases 
hydrogen sulfide (H2S) and carbon monoxide (CO). The University of 
Washington researchers (1985, 1986) concluded that the observed 
concentrations of volatile organic compounds in subsurface gas 
vented from off-site gas control veils were far below levels 
expected to result in adverse health effects folloving acute 
exposures. 
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o Chronic toxic effects resulting from long-term exposures to certain 
volatile organic compounds, notably benzene and several chlorinated 
organic compounds known or suspected to cause cancer in humans. 

Potential health effects associated with compounds identified in Midvay 
Landfill subsurface gas are described in greater detail in the April 1986 
University of Washington study cited above. 

1.2 SUPPLEMENTAL STUDIES OF POTENTIAL HEALTH HAZARDS ASSOCIATED VITH MIDVAY 
LANDFILL GAS 

Potential effects on public health of Midvay Landfill subsurface gas are 
further evaluated in the Preliminary Endangerment Assessment (Parametrix, 
1988) prepared as part of the Midvay Landfill Remedial Investigation and 
currently in the Endangerment Assessment being prepared for the Midvay 
Landfill Feasibility Study. 
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2.0 OBJECTIVES 

The objectives for the on-site and off-site Midvay Landfill subsurface gas 
characterization as part of the remedial investigation vere to: 

o Identify chemical components present in on-site subsurface landfill 
gas samples collected from: 

On-site gas extraction wells. 
Pre-combustion flare gas (flare inlet gas). 

o Identify a list of on-site subsurface gas contaminants that 
comprise a potential "fingerprint" of Midway Landfill subsurface 
gas. 

o Identify chemical components present in off-site subsurface gases. 

o Evaluate the relationship between on-site subsurface gas composi
tion and off-site subsurface gas composition. 

The tasks above were completed in order to help fulfill the following broader 
objectives, as outlined in Section 2.3.1.1 of the Final Remedial Inves
tigation Sampling and Analysis Plan for the Midway Landfill (Black & Veatch, 
1986b): 

o Expand the current landfill gas monitoring and sampling database. 

0 Better estimate the present extent of landfill gas migration. 

o Identify migration conduits and landfill gas accumulation points. 

o Determine predominant transport mechanisms. 

o Determine compositional changes in gas as it migrates avay from the 
landfill. 

o Determine effectiveness of off-site subsurface gas extraction 
systems and determine the need for additional off-site controls. 

By comparing data on the nature and extent of migration of gas components 
(eg., volatile organic compounds) vith data on combustible gas migration, it 
might be possible to evaluate the degree of likelihood that gas at specific 
off-site locations originated from the Midvay Landfill versus other potential 
sources. 
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3.0 EXISTING CONDITIONS 

Combustible gases are present in both on-site and off-site subsurface gas. 
These on-site combustible gases are currently being collected by a gas 
extraction veil system and then burned at tvo temporary flare installations 
on-site. The locations of the on-site gas extraction veils and temporary 
flares are shovn in Figure 3-1. The design and specifications for a per
manent flare and motor blover installation are in the process of being 
finalized. 

Off-site migration of landfill subsurface gas has been monitored at numerous 
gas monitoring probes and off-site gas control veils located in the com
munities near the landfill since mid-1985. Off-site combustible gases are 
being controlled using both the on-site gas extraction system and off-site 
gas control veils. The locations of existing off-site subsurface gas 
monitoring probes and off-site gas control veils are shovn in Figure 3-2. 

Toxic inorganic gases have also been detected in on-site subsurface gases. 
The major toxic inorganic gases detected are hydrogen sulfide and carbon 
monoxide. Hydrogen sulfide is a common product of anaerobic decomposition of 
landfill vastes. Carbon monoxide is a product of incomplete combustion that 
is associated vith subsurface landfill fires, vhich may occur as a result of 
the intrusion of air into the landfill vastes. Although there are no 
subsurface landfill fires believed to be burning at present, there is a 
residual concentration of carbon monoxide in the range of 1-4 ppm, believed 
to be due at least in part to past subsurface fires. Subsurface landfill 
fires are suspected to exist if routine gas monitoring indicates carbon 
monoxide concentrations at or above 50 ppm. 

The presence of numerous USEPA Hazardous Substances List Volatile Organic 
Compounds (HSL VOCs) at or belov the lov parts-per-million (ppm) range has 
been confirmed in both on-site and off-site subsurface gases by the results 
of several sampling and analysis studies conducted both prior to and concur
rent vith the Midway Landfill Remiedial Investigation. 
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Figure 3-1. 
Location of Existing 
On-Site Gas Extraction 
Wells and Temporary 
Flare Installations. 
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Figure 3-2. Location of Off-Site Gas Monitoring Probes and Geis Control Wells 

(See map that is Appendix A of 
the Landfill Gas Technical Report.) 
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4.0 METHODOLOGY 

This section describes the methods used to characterize the composition of 
on-site and off-site subsurface gas. Methods described include: 

o Field screening and monitoring methods 

o Sampling methods 

o Laboratory analytical methods 

o Data evaluation methods 

Summary tables 

Mapping of the geographic distribution of contaminants 

Sampling activities that have been done to characterize gas composition 
include: 

o Sampling of gas from the on-site gas extraction system 

0 Sampling of gas from inlets and exhaust flames of the temporary on-
site flares 

0 Preliminary screening for gas contaminants at off-site gas 
monitoring probes 

o Sampling of gas at selected off-site gas monitoring probes, based 
on screening results . 

0 Sampling of gas at off-site gas control wells 

These gas characterization screening and sampling activities are summarized 
in Table 4-1. Table 4-1 shows that a large body of data exists regarding 
Midway Landfill gas composition. However, the various studies listed 
differed on a number of important factors: 

o Date of sampling (and, therefore, status of the gas control system 
and other remedial measures in effect at the time of sampling) 

0 List of target compounds (parameters measured) 

o Sampling methods 

o Laboratory analytical methods 

Table 4-1 shovs that sampling has been done numerous times betveen May 1985 
and the present. Various remedial activities have been implemented during 
this period and vould be expected to have an effect over time on the landfill 
gas concentrations and composition and, therefore, on the sampling results. 
In addition, a variety of sampling and analytical methods were used to 
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Table 4-1. Summary of on-site and off-site gas characterization activities descriised in ttiis 
Technical TasiciMemorandum. 

Sespling Activity Parameters Measured Sasple Type Detection Method 
Ssapling 
Teas 

Sasple 
Dates 

Analytical 
Lab(s> 

ON-SITE LANDFILL GAS SANPLING ACTIVITIES: 

Initial Site Surveys 

Qn-Site Gas 
Extraction Wells 

! • Flare Inlet Gas 
(pre-cosbustion) 

Flare Outlet Gas 
(post-coabustion> 

Cosbustible gaa 
Carbon monoxide (CO) 
Hydrogen aulfide (H2S} 
Hydrogen aulfide (H2S> 
Hydrogen cyanide (HCN) 
Selected VOCs 
Selected VOCa 

HSL VOCa 
HSL VOCs 
Total non-CH4 VOCs 
Cosbustible Ga8/H2S/02 
Carbon dioxide (C02} 

Selected VOCs 
HSL VOCA 

HSL VOCs 
Hydrogen sulfide (H2S> 
Hydrogen cyanide (HCN) 
Hydrogen cyanide (HCN) 
HSL VOCa 
HSL VOCa 
Combustible Gas/H2S/02 
Hydrogen cyanide (HCN) 
Hydrogen chloride (HCl) 

Selected VOCs 
HSL VOCs 
Combuatible Gas/H2S/02 
Hydrogen cycmide (H(^) 
Hydrogen chloride (HCl) 

Explosimeter 
Detector tube 
Detector tube 
Impinger 
Impinger 
Charcoal tube 
Cryogenic tank 

Tedlar bag 
Tedlar bag 
HNu PI-101 
MSA 361 
Fyrite C02 analyzer 

Evacuated cylinder 
Tedlar bag 
Tedlar bag 
Detector tube 
Detector tube 
Impinger 
Tedlar bag 
VOST 
HSA 361 
Impinger 
Impinger 

Evacuated cylinder 
VOST 
MSA 361 
Impinger 
Impinger 

Uheatstone bridge 
Colorimetric 
Coloriaetric 
Colorimetric 
Ion Chromatography 
GC/MS 
GC/MS 

GC/MS 
GC/MS 
PID 
tfh. bridge; electrochem. 
Chemical 

GC/FID or GC/PID 
GC/MS 
GC/HS 
Colorimetric 
Colorisetric 
Ion Specific Electrode 
GC/MS 
GC/MS 
Wh. bridge; electrochem. 
Ion Specific Electrode 
Ion Chrosatography 

GC/FID or GC/PID 
GC/MS 
Uh. bridge; electrochem. 
Ion Specific Electrode 
Ion Chromatography 

UU 
UU 
DU 
UU 
UU 
UU 
OU 

B & V 
PMX 
PMX 
PMX 
PMX 

FFB 
B 6 V 
PMX 
PMX 
PMX 
PMX 
TRC 
TRC 
TRC 
TRC 
TRC 

FFB 
TRC 
TRC 
TRC 
TRC 

05/17/85 
05/17/85 
05/17/85 
05/17/85 
05/17/85 
05/17/85 
05/17/85 

'85-'87 
06/87-07/87 
06/87-07/87 
06/87-07/87 
06/87-07/87 

03/87 
05/01/86 
06/18/86 
11/19/86 
11/19/86 
11/19/86 
06/87 
06/87 
06/87 
06/87 
06/87 

03/87 
06/87 
06/87 
06/87 
06/87 

(field) 
(field) 
(field) 

UU 
UU 
UU 
UU 

ATI 
: ATI 
(field) 
(field) 
(field) 

FFB 
ATI 
ATI 

(field) 
(field) 
ATI 
RTL 
RTL 

(field) 
RTL 
RTL 

FFB 
RTL 

(field) 
RTL 
RTL 

(Continued 

(See alao NOTES at end of this Table) 
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Table 4-1. (continued) 
Page 2. 

Sampling Activity 

seesssssssesBassBsassBssssssessBssssssssssssssssesBsssBcsssBSSSssBSsesssssBsssssBs 

Parametera Neaaured Sample Type Detection Method 
Sampling 
Team 

Sample 
Dates: 

Analytical 
Lab(s> 

OFF-SITE LANDFILL GAS SAMPLING ACTIVITIES: 

Off-Site Gas Probes 
(screening) 

Off-Site Gas Probes 
(sanpling; including 
off-aitegas 
control wells) 

Off-Site Gas Control 
Well Carbon Filter 
DruB Inlet/Outlet 

Total non-CH4 VOCs 
Combustible Gas/H2S/02 
Carbon dioxide (C02) 

Total non-CH4 VOCs 
Cosbustible G8S/H2S/02 
Carbon dioxide (C02) 
HSL VOCs 
HSL VOCs 

HSL VOCs 
Selected VOCs 

HNu PI-101 
MSA 361 
Fyrite C02 analyzer 

HNu PI-101 
HSA 361 
Fyrite C02 analyzer 
Tedlar bag 
Tedlar bag 

Tedlar bag 
Evacuated cylinder 

PID 
Uh. bridge; 
Chemical 

PID 
Uh. bridge; 
Chemical 
GC/MS 
GC/MS 

GC/MS 

electrochem. 

electroches. 

GC/FID or GC/PID 

PMX 
PMX 
PMX 

PMX 
PMX 
PMX 
PMX 
B & V 

B 6 V 
FFB 

06/87 
06/87 
06/87 

06/87-07/87 
06/87-07/87 
06/87-07/87 
06/87-07/87 

'85-'87 

'85-'87 
03/87 

(field) 
(field) 
(field) 

(field) 
(field) 
(field) 
ATI 
ATI 

ATI 
FFB 

SSSSSSBSBBSSSeBesSSBBBBSSSBBSBBBBBSBBSSBBBBBBSSBBBBSBBBSBBBBBSSBSSSBBBBSBBBSSSSSSSSSSSSSSSBSBBSBBBBBBBBBSSBSSBSBBBSSBSSBSBSBBBSBSSSS 

NOTES: 

ATI « Analytical Technologiea, Inc. 

B & V « Black 6 Veatch (conaultanta to UA Dept. of Ecology) 
FFB B Farr, Friedman 6 Bruya (subconsultants to Parametrix, Inc.) 
GC/FID « Gas Chromatography/Flame Ionization Detection 
GC/MS s Gas Chromatography/Mass Spectrometry 
GC/PID - Gas Chromatography/Photoionization Detection 
HSL VOCs « USEPA Hazardous Substancee List Volatile Organic Compounds 
PID B Photoionization Detector 
PMX s Parametrix, Inc. (consultants to City of Seattle) .^ 
RTL » Research Triangle Laboratorlea, Inc. 
Total non-CH4 VOCa » Volatile Organic Compounds detectable using HNu PI-101 with 10.2 eV probe (excludes methane) r 
TRC - TRC Environmental Consultants (subconsultants to Parametrix, Inc.) 
UW = University of Washington, Dept. of Environmental Health 
VDCs s Volatile Organic Compounds 
VOST = Volatile Organic Sampling Train 
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characterize the gas in the various studies, as shown in Table 4-1; there
fore, the results for each field activity are potentially influenced by the 
choice of sampling and analytical methods. 

Each study focused on a different set of "target compounds," or list of 
"things to look for" in the gas, as shown in Table 4-2; therefore, each study 
would be expected to result in a somewhat different list of substcinces found 
in the gas. Comparisons among the various studies were easiest where there 
was overlap in the contents of the respective target compound lists. Factors 
such as the differences in the limits of detection achieved in each study had 
to also be considered when making comparisons among studies. 

Studies of subsurface landfill gas composition conducted by Parametrix for 
the Midway Landfill Remedial Investigation included the folloving volatile 
organic target compounds: 

0 The "official" list of current USEPA Hazardous Substances List 
Volatile Organic Compounds (HSL VOCs) compiled by USEPA by combin
ing the following: 

Twenty-seven of the 29 VOCs included in the Clean Water Act 
CERCLA/RCRA Consent Order "Priority Pollutant" VOCs list (Fed. 
Reg., 1981). (Acrolein and acrylonitrlle were later deleted 
from this group by USEPA in compiling the current Hazardous 
Substances List.) 

Eight additional VOCs added at the time of compilation bf the 
Hazardous Substances List 

o Three additional VOCs that are not on the "official" Hazardous 
Substances List but results for which were routinely included in 
laboratory reports provided by Analytical Technologies, Inc.: 

Tetrahydrofuran 
Trichlorofluoromethane 
Trichlorotrifluoroethane 

For' the purposes of this technical memorandum, the full list of 38 compounds 
described above is referred to as the "USEPA Hazardous Substances List 
Volatile Organic Compounds (HSL VOCs)," excluding the two deleted HSL 
compounds and including the three non-HSL compounds reported by the labora
tory. 

4.1. SAMPLING AT INDIVIDUAL ON-SITE GAS EXTRACTION WELLS 

Subsurface gas samples obtained from individual on-site gas extraction wells 
represent the gas present within the limited zone of influence of that well. 
Wells at various locations on-site were sampled to identify specific local
ized "hot spots" within the landfill waste that appear to contain relatively 
higher levels of contaminants than at other locations. Data on samples from 
these "hot spots" vould then be compared with data on the pre-combustion 
flare gas, which was comprised of gas from numerous individual extraction 
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Table 4^2. Summary of target parameters studied during Midway Landfill gas monitoring and 
sampling activities. 

CAS « COMPOUND 

USEPA 
Hazardous 
Substances 

List 
VOCs OU 

Midway 
RI 
S6A 
Plan 
List B&V PMX FFB TRC 

USEPA Priority Pollutant VOCs: 

! • 

107-02-8 
107-13-1 
71-43-2 
75-27-4 
74-83-9 
75-25-2 
56-23-5 
108-90-7 
75-00-3 
110-75-8 
67-66-3 
74-87-3 

124-48-1 
75-34-3 

107-06-2 
75-35-4 
156-60-5 
78-87-5 

10061-01-5 
10061-02-6 
100-41-4 
75-09-2 
79-34-5 
127-18-4 
108-88-3 
71-55-6 
79-00-5 
79-01-6 
75-01-4 

acrolein 
acrylonitrlle 
benzene 
bromod i ch1oromethane 
bromomethane (methyl bromide) 
bromoform 
carbon tetrachloride 
chlorobenzene 
chloroethane 
2-chloroethylvinyl ether 
chloroform 
chloromethane (methyl chloride) 
dibromochloromethane 
1,1-dichloroethane 
1,2-dichloroethane 
1,1-dichloroethene 
trane-1,2-dichloroethene 
1,2-dichloropropane 
cis-1,3-dichloropropene 
trans-1,3-dichloropropene 
ethylbenzene 
methylene chloride 
1,1,2,2-tetrachloroethane 
tetrachloroethene IPC£) 
toluene 
1,1,1-trichloroethane 
1,1,2-trichloroethane 
trichloroethene (TCE) 
vinyl chloride (chloroethene) 

USEPA Hazardous Substances List VOCs (sdded to Priority 

67-64-1 acetone 
78-93-3 2-butonone (methyl ethyl ketone; MEK) 
75-15-0 carbon disulfide 
591-78-6 2-hexanone (methyl n-butyl ketone) 
108-10-1 4-methy1-2-pentanone (MIBK) 
100-42-5 styrene 
108-05-4 vinyl acetate 
1330-20-7 xylenes (total) 

1 • 
2 • 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

Pollutants list by 

30 
31 
32 
33 
34 
35 
36 
37 

NR 
NR 
X 
NR 
NR 
NR 
NR 
X 
X 
NR 
X 
NR 
NR 
X 
X 
X 
X 
X 
NR 
NR 
NR 
X 
X 
X 
X 
X 
NR 
X 
NR 

CERCLA) 

X 
X 
NR 
NR 
X 
NR 
NR 
NR 

NR 
NR 
X 
NR 
NR 
NR 
X 
X 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
X 
X 
NR 
NR 
NR 
X 
NR 
X 
X 
NR 
NR 
X 
X 

• • 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
X 

NR 
NR 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

NR 
NR 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

NR 
NR 
X 
NR 
NR 
NR 
X 
NR 
X 
NR 
X 
X 
NR 
X 
X 
X 
X 
NR 
NR 
NR 
X 
X 
X 
X 
X 
X 
NR 
X 
X 

NR 
NR 
X 
NR 
NR 
NR 
NR 
X 
X 
NR 
NR 
NR 
NR 
X 
NR 
NR 
X 
NR 
NR 
NR 
X 
X 
NR 
X 
X 
NR 
NR 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
NR 
X 
NR 
NR 
X 
NR 
NR 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

E B S S 5 S S S S S B S B B B B B S 6 S B B B B B S B S B B B S S B B S S 

(See also NOTES at end of this Table.) 
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Table 4-2. 
Page 2. 

(continued) 

CAS « COMPOUND 

USEPA 
Hazardous 
Substances 

List 
VOCs UU 

Midway 

RI 
S&A 
Plan 
List B&V PMX FFB TRC 

Additional parameters studied: 

! • 

124-
630-

75" 
74-

7732-

7647-
74-

7783" 
540-
138-
74-
lll
lll-

7782-
95-
74 

106-
109 
75-
76 

38-9 carbon dioxide (C02) 
O8-0 carbon monoxide (CO) 
N/AP combustible gas 
N/AP C-2 benzenes (m,o,p-xylenes 
N/AP C-(ll,13,14,15) compounds 
•71-8 dichlorodifluoromethane (Freon 12) 
•84-0 ethane 
N/AP gas flow r a t e ( o n - s i t e gas wel ls ) 
18-5 gas moisture content (H20) 
N/AP gas pressure 
N/AP gas tempersture ( o n - s i t e gas wel l s ) 
-01-0 hydrogen chlor ide (HCl) 
•90-8 hydrogen cyanide (HCN) 
•06-4 hydrogen su l f ide (H2S) 
•84-1 isooctane 
•86-3 limonene 
•82-8 methane 
•84-2 nonane 
•65-9 octane 
•44-7 oxygen (02) 
•47-6 o-xylene 
•98-6 propane 
•42-3 p-xylene 
•99-9 tetrahydrofuran 
•69-4 t r ichlorofluoromethane (Freon 11) 
•13-1 t r i c h l o r o t r i f l u o r o e t h a n e (Freon 113) 

ethylbenzene) 

NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
MR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

NR 
X 
X 
X 
X 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
X 
X 
X 
X 
NR 
X 
X 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

X 
NR 
X 
NR 
NR 
NR 
NR 
X 
X 
X 
X 
X 
X 
X 
NR 
NR 
NR 
NR 
NR 
X 
NR 
NR 
NR 
NR 
NR 
NR 

X 
NR 
X 
NR 
NR 
NR 
NR 
NR 
NR 
X 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
X 
NR 
NR 
NR 
NR 
NR 
NR 

X 
NR 
X 
NR 
NR 
NR 
NR 
X 
NR 
X 
X 
NR 
X 
X 
NR 
NR 
NR 
NR 
NR 
X 
NR 
NR 
NR 
X 
X 
X 

NR 
NR 
NR 
NR 
NR 
NR 
X 
NR 
NR 
NR 
NR 
NR 
NR 
HR 
NR 
NR 
X 
NR 
NR 
NR 
X 
X 
X 
NR 
NR 
NR 

X 
X 
X 
NR 
NR 
X 
NR 
X 
X 
NR 
X 
X 
X 
X 
NR 
NR 
NR 
NR 
NR 
X 
NR 
NR 
NR 
NR 
X 
NR 

K B S B B C B S K S S B B X C e e s S S e s e S S K S n B K S K S e S S S S a S S S B S S S S S X & S S X B e S S S S E B S S S S S S S S B S S B S B B B S S B B S 

NOTES: 

• Acrolein and acrylonitrlle have been deleted from the USEPA Hazardous Substances List. 
X 3 Compound is included in the indicated target parameter list. 
NR - Compound was not reported as a target parameter on the indicated list. 
VOCs = Volatile Organic Compounds 
UW = University of Uashington 
S & A - Sampling and Analysis 
B & V = Black S. Veatch 
PMX - Parametrix, Inc. 
FFB ŝ  Farr, Friedman & Bruya Inc. Environmental Chemists 
TRC s TRC Environmental Consultants 
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wells, and with data on off-site subsurface gas. These comparisons would 
help determine whether the contaminants detected at specific on-site "hot 
spots" potentially contribute to the composition of emissions from the flares 
or to migrating landfill subsurface gas. 

Parametrix collected Tedlar bag samples from each of the 14 on-site gas 
extraction wells during one round of sampling conducted during June-July 
1987. The on-site gas extraction wells sampled are listed in Table 4-3, and 
their locations are shown on Figure 3-1. Samples were sent to Analytical 
Technologies for analysis by GC/MS. 

The 14 sampling points were selected using a combination of tvo methods that 
vas designed to result in selection of equal numbers of randomly and non-
randomly chosen sampling locations, as described below: 

o Seven (7) of the fourteen sampling points were selected based on 
existing data that suggested the potential presence of elevated 
concentrations of landfill gas contaminants at these locations. 
These sampling points are referred to as "biased sampling points" 
because the selection process was non-random, i.e., biased toward 
selection of wells expected to have relatively higher contaminant 
levels. 

o The remaining seven (7) sampling points were chosen randomly from 
among the remaining well locations. These sampling points are 
•referred to as "random sampling points" and vere expected to 
provide samples that vere more representative of typical con
taminant concentrations throughout the landfill. 

Samples of subsurface gas vere collected in Tedlar bags using either a 
bellovs-type foot pump or a Brailsford TD-2N high-efficiency electric pump. 
The Brailsford pump vas required vhen samples vere taken from on-site gas 
extraction veils, vhere a relatively high vacuum vas maintained in the veil 
by the on-site gas control system. Tedlar bags vere filled passively, such 
that sample gas did not come in contact vith the pump, thus, reducing the 
possibility of sample contamination. The pump created a vacuum around the 
bag, vhich vas contained vithin a sealed housing ("Peli-case"); gas vas then 
dravn passively into the bag through a Teflon sampling line. Nev Teflon 
tubing vas used for each sample to prevent cross-contamination. Field 
samples and the appropriate QA/QC samples were shipped to the laboratory at 
the end of each day of sample collection. 

Sample analysis was performed by Analytical Technologies by gas chromato
graphy/mass spectrometry (GC/MS) using cryogenic focusing techniques. 
Analyses followed USEPA Method 624 guidelines for Hazardous Substances List 
Volatile Organic Compounds (HSL VOCs). Where possible, samples were analyzed 
within 24 hours of receipt by the lab. 

4.2. SAMPLING OP PRE-COMBUSTION FLARE GAS (FLARE INLET GAS) 

Landfill gases collected by means of the numerous individual on-site gas 
extraction wells are combined in a_manifold system and conveyed via PVC pipe 
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Table 4-3. On-site gas extraction wells sampled by Parametrix, Inc. during June-July 1987. 

1 

3 

< 
P) 
^ 
tr 
PO 
M 

Type of Gas Extraction Well 

Perimeter of refuse 
(Wells #1—37) 

Interior of refuse 
(Wells #38—47) 

Total # 
of Wells 

37 

10 

Total Potential 
Samplinq Points 

40 

20 

Selected Biased 
SaniDlinq Points 

4-0 
12-0 
21-0 
25-0 
36D-0 

41D-0 

Selected Random 
Samplinq Points 

18-0 
24-0 
33-0 
34-0 

44D-0 

Total Selected 
Sampling Points 

vD 

3 

O 

to 

Perimeter wells 
(Wells # PA-1 thru PA-10) 

Perimeter wells 
(Wells # PD-1 thru PD-12) 

Perimeter well 
(Well # PC-8) 

Perimeter well 
(Well # C-11) 

TOTAIS 

10 

12 

71 

20 

24 

PA8D-0 

107 

(none) 

(none) 

(none) 

(none) 

PD6D-0 
PD12D-0 

(none) 

(none) 

14 

00 
00 

J 
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to one or the other of the two temporary flares to be burned. Gas samples 
taken from the "feed line," or flare inlet, represent a weighted average of 
the gases collected by all the gas extraction wells supplying the flare. 
Thus, samples of these pre-combustion flare gases provide an overall picture 
of the average types and quantities of compounds present in gas extracted 
from the landfill. 

Several studies summarized in this technical memorandum examined the chemical 
composition of pre-combustion flare gases. Target parameters included in 
each of the various studies are summarized in Table 4-2. 

4.2.1. TRC ENVIRONMENTAL CONSULTANTS FLARE SAMPLING ACTIVITIES 

TRC Environmental Consultants, Inc., were retained by Parametrix as sub
contractors to conduct sampling of the pre- and post-combustion flare gases 
from the two temporary on-site flares in operation during the Midway Landfill 
Remedial Investigation. TRC sampling activities were conducted during June 
1987. The objectives of TRC's studies were to: 

o Characterize the chemical composition of mixed gases collected by 
the on-site gas collection system. 

o Characterize the chemical composition of post-combustion stack 
emissions from the two temporary on-site flares. 

0 Estimate the overall combustion efficiency of the two existing 
temporary flares. 

Details of TRC's flare sampling methodology are contained in Section 3.4 and 
Appendix C of the Midway Landfill Air Quality Technical Report (Parametrix, 
1988). Those portions of TRC's methodology that pertain to characterization 
of the pre-combustion flare gas composition are reproduced in this section. 

Volatile organic compounds vere sampled using tvo sampling methods. In the 
first method, a standard Volatile Organic Sampling Train (VOST) apparatus vas 
used. Pre-combustion flare gases were sampled at the inlet of each flare 
using a stainless steel probe that was heated to maintain a sample gas 
temperature of approximately 130° C. Post-combustion flare gases, were 
sampled within the zone of the flame using an Inconel probe, also heated to 
maintain a sample gas temperature of approximately 130*̂  C. Each sample 
consisted of one pair of sample cartridges (Tenax resin cartridge followed by 
a Tenax/charcoal cartridge). Sampling at the flare inlets followed USEPA's 
Protocol for the Collection and Analysis of Volatile POHCs Using VOST (1984), 
using the slow-VOST procedure. Two samples vere collected from each loca
tion. Samples vere analyzed by Research Triangle Laboratories by Purge-
Trap-Desorb Gas Chromatography/Mass Spectrometry (PTD-GC/MS) in accordance 
vith USEPA Method 624. 

In the second method, grab samples vere collected in Tedlar bags from the 
flare inlets only and shipped to Research Triangle Laboratories for analysis 
of VOCs folloving USEPA Method 624 PTD-GC/MS procedures. Details of the 
analytical procedures are included as Appendices 1 and 2 of TRC's Meteoro-
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logical Data and Air Quality Modeling Technical Memorandum, vhich comprises 
Appendix C of the Midvay Landfill Air Quality Technical Report (Parametrix, 
1988). 

Hydrogen cyanide (HCN) and hydrogen chloride (HCl) samples were collected 
from both pre- and post-combustion gases using a midget impinger train. 
Samples were sent to Research Triangle Laboratories for analysis. Hydrogen 
cyanide analyses were performed by Ion Specific Electrode techniques accord
ing to NIOSH methods S250 and 7904. Hydrogen chloride analyses were per
formed by Ion Chromatography techniques according to NIOSH methods 7903 and 
S248. Details of the analytical procedures are included as Appendix 3 of 
TRC's technical memorandum. 

Hydrogen sulfide (H2S) vas analyzed in the field using a Mine Safety Applian
ces MSA 361 gas analyzer provided by Parametrix. TRC's InterScan LD series 
H2S analyzer vas damaged during shipment to the site, and therefore vas not 
used; hovever, both the MSA and InterScan instruments have similar limits of 
detection (approximately 1 ppm H2S). 

Flov velocity measurements were performed at each flare inlet duct at 
sampling points determined using USEPA Reference Method 1 and vere measured 
using a standard pitot tube that vas aligned vith the direction of gas flov 
and coupled to an inclined manometer. Flare outlet flov rates were computed 
based on the inlet flow rates and gas composition. Exhaust flow rates were 
calculated using net theoretical heat release based on the lower heating 
value of the landfill gas according to methods described in Appendix 5 of 
TRC's technical memorandum. 

Gas temperatures were measured using a digital pyrometer and Type K ther
mocouple according to USEPA Reference Method 2. 

The molecular weight of the landfill gas vas determined by measuring the 
volumetric percentage of methane, carbon dioxide, and oxygen in the gas 
streams. An integrated bag sample was collected during each test run and 
then analyzed using Fyrite gas analyzers, as described in USEPA Reference 
Method 3 for carbon dioxide and oxygen. 

Moisture content of the gas vas determined by gravimetric analysis of silica 
gel adsorbent integrated into the HCN/HCl midget impinger sampling train, as 
described in USEPA Reference Method 4. 

4.2.2. PARAMETRIX FLARE SAMPLING ACTIVITIES 

Prior to the remedial investigation, Parametrix had collected Tedlar bag 
samples of pre-combustion flare gas for other studies related to the Midway 
Landfill. Samples vere collected from a sampling port located between the 
blower motor and the flare head (see Figure 4-1). Samples were shipped to 
Analytical Technologies for analysis by gas chromatography/mass spectrometry 
(GC/MS) according to USEPA guidelines for HSL VOCs using Method 624 and 
cryogenic focusing techniques. 
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4.2.3. BLACK & VEATCH FLARE SAMPLING ACTIVITIES 

Prior to and during the same time period as the remedial investigation, Black 
& Veatch also had conducted sampling of pre-combustion flare gases under the 
direction of the Washington State Department of Ecology. Samples were 
collected in Tedlar bags and sent to Analytical Technologies for analysis. 
Samples were analyzed by GC/MS according to USEPA guidelines for HSL VOCs 
using Method 624. 

4.2.4. FARR, FRIEDMAN & BRUYA FLARE SAMPLING ACTIVITIES 

In other studies related to Midway Landfill, Farr, Friedman & Bruya conducted 
sampling of pre- and post-combustion flare gases under the direction of 
Parametrix during March 1987. Samples of pre-combustion flare gases were 
collected in stainless steel evacuated cylinders from ports at the inlets to 
the flares. Samples of post-combustion flare gases were collected from 
within the zone of the flame. 

Capillary tubing (approximately 0.025 mm I.D.) was inserted into the flame 
from underneath the flare head through openings in the bottom of the air 
diffuser collar (see Figure 4-1). The galvanized steel air diffuser collar 
is the top portion of the flare installation, in vhich the landfill gas is 
mixed with air to the extent required to support combustion. Sampling from 
underneath the flare was conducted for two primary reasons: 

o It was desirable to protect field personnel as much as possible 
from potential hazards, including the possibility that shifting 
winds might cause exposure to hot exhaust gases from the open 
flame. 

o The procedure ensured that the sampling probe was maintained at an 
elevated temperature over most of its length. An elevated probe 
temperature helped minimize potential problems related to condensa
tion of materials inside the sampling apparatus without requiring 
additional equipment, e.g., electrically-heated probe lines. 

Prior to collecting the samples, the capillary tubing vas purged by draving 
approximately one liter of gas through the tubing. The capillary tubing vas 
then attached to the stainless steel evacuated cylinder, the cylinder valve 
was opened, and the sample vas collected directly into the cylinder. The 
knovn vapor pressures of the target compounds indicated that a heated 
sampling line vas not necessary to prevent condensation of vapors under these 
sampling conditions. 

Sample analysis vas performed by direct injection of gas from the cylinder, 
at atmospheric pressure, into a Hevlett-Packard 5890A Gas Chromatograph (GC). 
Target compound identification was based on GC retention time using Electron 
Capture Detection (ECD) and Flame Ionization Detection (FID). Internal 
standards were run daily for each target compound. Blanks were run daily as 
a quality assurance check. 
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4.3. SCREENING AT OFF-SITE GAS MONITORING PROBES FOR VOCs 

Parametrix screened off-site gas monitoring probes during June 1987 for the 
potential presence of landfill subsurface gas contaminants using several 
portable direct-reading field instruments. These screening methods vere 
designed to help select the off-site gas monitoring probes that vere to be 
sampled for USEPA HSL VOCs. The subsequent identification of specific com
pounds present in the gas was done by collecting Tedlar bag samples for 
laboratory analysis by GC/MS; the probe sampling methods used are described 
in Section 4.4 of this memorandum. 

Probes were selected for inclusion in the screening process based on past 
VOCs sampling and lab analysis results, past or current levels of combustible 
gas, or other criteria that suggested the presence of subsurface gases. 
Probes included in Parametrix' screening activities are listed in Table 4-4. 

The probe screening activities conducted by Parametrix were designed as 
improvements to the field screening methods originally proposed for the 
remedial investigation. The Final Work Plan and Final Sampling and Analysis 
Plan (Black and Veatch, 1986b) and Parametrix' Scope of Work memo (Para
metrix, 1986) had specified that a Foxboro Model OVA 128 Century Orgsinic 
Vapor Analyzer (OVA 128) was to be used in the field in: 

0 Scan mode to detect the presence of volatile organic compounds 
(VOCs) in subsurface gas samples 

0 Gas Chromatographic (GC) mode to identify ("fingerprint") and 
quantify specific VOCs present in the subsurface gas samples. 

The OVA 128 was not used for these purposes due to several technical con
siderations: 

o The OVA 128 used in scan mode is unable to discriminate between 
VOCs and methane; therefore, methane vould be expected to interfere 
vith VOCs measurements. For this reason, photoionization 
detection(PID) instruments vere used to quantify "total non-methane 
volatile organic vapor concentrations" for the purpose of 
implementing continuous air quality monitoring under the health and 
safety plans submitted by Parametrix and AGI, respectively. 

o Existing gas characterization data obtained using Tedlar bag 
samples and laboratory analysis by GC/MS indicated the presence of 
numerous VOCs at highly variable concentrations in both on-site and 
off-site gas samples. It is extremely difficult to interpret 
accurately the results obtained using the OVA 128 in GC mode under 
these conditions, primarily because of the limited ability of the 
instrument's GC column in resolving the peaks for individual 
components of complex mixtures in the field. 

o The OVA 128 used in GC mode requires the prior selection of high-
purity standards for all compounds of interest in order to tenta
tively identify these compounds in a given sample. 
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Table 4-4. Off-site gas monitoring probes included in Parametrix, Inc. probe screening 
activities during June 1987. 

Gas Probe Date Screened 

17-S 06/11/87 
30-D 06/05/87 
30-(?) 06/14/87 
37-D 06/10/87 
37-M,S 06/12/87 
*44-D,M,S 06/05/87 
44-M 06/11/87 
45-D 06/05/87 
45-M,S 06/12/87 
50-D 06/05/87 
50-M,S 06/12/87 
61-M,S 06/05/87 
70-S 06/14/87 
78-S 06/14/87 
79-D,M,S 06/12/87 
80-D,M 06/12/87 
81-D,M 06/11/87 
85-D,M 06/12/87 
86-M 06/05/87 
87-D,M,S 06/12/87 
88-D,S 06/11/87 
89-M,S 06/14/87 
AC-D,M,S 06/14/87 
AE-D,S 06/14/87 
AF-D 06/10/87 
AF-M,S 06/12/87 
J-D 06/10/87 
J-M,S 06/11/87 
M-D,M,S 06/12/87 
T-D,S 06/14/87 
Z-D,M,S 06/12/87 

Screening was conducted by teiking field measurements on Tedlar bag samples 
using an HNu PI-101, MSA 361, and Fyrite C02 Analyzer. 

*D, M, S, or D, M, etc., indicate multiple completion probes for vhich the 
indicated completions vere included in the screening tests. 

D = Deep completion 
M = Medium completion 
S = Shallow completion 
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0 Evaluation of previous sampling data (Tedlar bag and GC/MS) 
suggested that many of the numerous compounds present in the on-
site gas vould, individually, be unlikely to exceed the OVA 128's 
compound-specific GC-mode detection limits under field conditions 
but would be likely to interfere with even tentative identification 
and quantification of compounds exceeding the OVA 128's detection 
limits. 

After discussions involving Parametrix, the City of Seattle, and Ecology, it 
was decided that a preferred approach vould place less emphasis on identify
ing individual compounds using field GC methods and greater emphasis on 
developing an effective alternative field screening method for monitoring for 
air emissions. Identification and quantification of individual gas com
ponents vere to be supported by collection of gas samples for laboratory 
analysis by more sensitive and more reliable GC/MS methods. 

Using the revised methods developed by Parametrix, total non-methane VOCs 
vere measured in the field using an HNu PI-101 portable photoionization 
detector (PID) equipped vith a 10.2 eV probe. This instrument was selected 
because of its relatively high sensitivity to a vide range of VOCs under 
field conditions and its lack of sensitivity to methane. The limit of 
detection for this instrument is approximately 1 ppm, comparable to that of 
the OVA 128 used in scan mode. Hovever, the HNu PI-101 is not able to 
identify individual compounds (as can the OVA 128 vhen used in GC mode) and, 
thus, is useful mainly to identify locations vhere elevated levels of total 
non-methane VOCs exist. Additional field monitoring parameters vere measured 
using a Mine Safety Appliances MSA 361 Portable Indicator (combustible gas, 
hydrogen sulfide, and oxygen), a Fyrite carbon dioxide analyzer, and a 
Magnehelic gas pressure gauge. 

Gas samples used for the probe screening activities vere obtained from the 
probes using either a bellovs-type foot pump or a Brailsford TD-2N high-
efficiency electric pump. The Brailsford pump vas required vhen samples vere 
taken from probes vhere a relatively high vacuum vas maintained in the probe 
by nearby off-site gas control veil blovers. Tedlar bags were filled 
passively by creating a vacuum around the bag contained within a sealed 
housing ("Peli-case") and allowing gas to enter the bag through Teflon 
tubing. Two 3-liter bags were filled and discarded; field instrument 
readings vere obtained for gas from the third bag collected. This procedure 
ensured that the probes vere adequately purged prior to taking field measure
ments, so that a representative sample of gas vas dravn from the slotted 
portion of the probe completion. 

For screening purposes, Tedlar bags vere flushed vith ambient air, emptied, 
and reused, unless the presence of condensed moisture was observed inside the 
bag; when condensation was present, the bag was discarded and replaced with a 
fresh bag. The known low levels (low ppb range) of HSL VOCs in ambient air 
near the Midway Landfill were several orders of magnitude below the con
centrations that would be expected to interfere vith the VOCs probe screening 
measurements. 
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4.4. SAMPLING AT OFF-SITE GAS MONITORING PROBES AND OFF-SITE GAS CONTROL 
WELLS 

Samples collected from off-site gas monitoring probes and off-site gas 
control wells provided information on the potential extent and direction of 
landfill subsurface gas migration. Knowledge of the chemical constituents of 
off-site subsurface gas helped determine whether the off-site subsurface gas 
originated from the landfill or from unrelated off-site sources. If the 
chemical "fingerprint" of an off-site subsurface gas sample closely matched 
that of the on-site subsurface gas, there would be reason to suspect that the 
off-site gas contaminants may have migrated with methane and other major 
landfill subsurface gas constituents or have otherwise been transported from 
the site. In other cases, the chemical "fingerprint" might indicate that the 
off-site subsurface gas more likely originated from sources unrelated to the 
Midway Landfill, perhaps from utility leaks or from the decay of natural 
materials in sources such as wetlands or buried peat deposits, for example. 

4.4.1. PARAMETRIX OFF-SITE GAS SAMPLING ACTIVITIES 

Off-site subsurface gas monitoring probes were selected by the City of 
Seattle for sampling based on field data from the probe screening procedures 
described above and other criteria. Samples were collected from each of 12 
off-site gas probes during two sampling rounds, for a total of 24 samples. 
Replicate samples and field blanks were also collected in accordance with 
QA/QC requirements. The off-site gas monitoring probes sampled by Parametrix 
during June 1987 are listed in Table 4-5. 

The sample collection procedure was similar to that described for the probe 
screening activities, except that for each sample a single, 3-liter Tedlar 
bag was filled and emptied twice to purge the probe; the bag was then filled 
a third time and sealed and shipped to Analytical Technologies for analysis. 
Analytical procedures folloved USEPA guidelines for GC/MS using cryogenic 
focusing and Method 624 for HSL-VOCs. Where possible, samples vere analyzed 
vithin 24 hours of receipt by the laboratory. 

In addition to the sampling program described above for the remedial inves
tigation, Parametrix collected Tedlar bag samples of gas from off-site gas 
control veils and from a limited number of off-site gas monitoring probes 
prior to the start of the remedial investigation. The procedures used vere 
similar to those for the remedial investigation, vith the folloving excep
tions: 1) only the bellovs pump vas used to collect the samples, 2) probes 
vere not purged prior to sampling, and 3) no attempt vas made to achieve 
sample analysis within 24 hours of sample receipt by the laboratory. The 
sample analysis was conducted by Analytical Technologies; analytical proced
ures were similar to those used during the remedial investigation studies. 

4.4.2. BLACK & VEATCH OFF-SITE GAS SAMPLING ACTIVITIES 

Black & Veatch collected Tedlar bag samples of gas from off-site subsurface 
gas monitoring probes and off-site gas control wells. Samples were shipped 
to Analytical Technologies for analysis. Analytical procedures followed 
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Table 4-5. Off-site gas monitoring probes sampled by Parametrix, Inc. during June-July 1987. 

Gas Probe Name 

2-S 
37-D 
44-D 
50-S 
88-M 
88-S 
J-D 
M-M 
T-S 
Z-S 

AC-S 
AF-D 

Date of First Sample 

06/22/87 
06/22/87 
06/15/87 
06/23/87 
06/22/87 
06/15/87 
06/22/87 
06/15/87 
06/22/87 
06/23/87 
06/15/87 
06/15/87 

Date of Second Sample 

06/30/87 
06/30/87 
06/23/87 
07/09/87* 
06/30/87 
06/23/87 
06/30/87 
06/23/87 
06/30/87 
06/30/87 
06/23/87 
06/23/87 

! • 

Seunple originally collected 06/30/87 unusable due to leak in Tedlar bag; 
probe was re-sampled on 07/09/87. 

I» 
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USEPA guidelines for GC/MS using cryogenic focusing and Method 624 for HSL 
VOCs. 

4.4.3. FARR, FRIEDMAN & BRUYA OFF-SITE GAS SAMPLING ACTIVITIES 

Farr, Friedman & Bruya (FFB) conducted sampling of subsurface gas at selected 
off-site gas control wells and at a limited number of off-site gas monitoring 
probes under the direction of Parametrix as part of other studies of the 
Midway Landfill. This sampling activity was not conducted specifically for 
the remedial investigation; the methods used were somewhat different than 
those described for the remedial investigation sampling activities because 
the goals of the study were different. 

Stainless steel evacuated cylinders were used to draw gas from the inlet and 
outlet sides of the carbon filter drums installed at the off-site gas control 
wells. The purpose of the carbon filter drums was to remove trace organics 
from the extracted gas prior to venting the gas to the atmosphere. Analyti
cal methods used were similar to those described for FFB's flare sampling 
activities (see Section 4.2.4). 

4.5. DATA EVALUATION METHODS 

Data from the gas characterization studies were evaluated using summary 
tables showing contaminant concentrations at specific on- and off-site 
sampling locations. Maps of the distribution of Summed USEPA Hazardous 
Substances List Volatile Organic Compounds (Summed HSL VOCs) concentrations, 
as well as the distribution of individual HSL VOCs, were also prepared. 
Statistical summary values reported in the gas characterization summary 
tables for the remedial investigation included the total number of compounds 
detected at each sampling location, sums of the concentrations of compounds 
in each sample (Summed HSL VOCs), maximum values, arithmetic mean values, and 
the standard deviation of the arithmetic mean as an index of the degree of 
statistical variation in the data set. Concentrations of selected gas 
components were plotted on base maps of the site and surrounding areas to 
help evaluate the association between on- and off-site subsurface gas 
contaminant distribution. 
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5.0 RESULTS 

Because of the large volume of data involved, the raw data and accompanying 
quality assurance/quality control data have not been included in this 
technical memorandum. These materials are available for public review at the 
Midway Landfill Remedial Investigation Data Repositories at the Kent and Des 
Moines public libraries or they may be acquired from the City of Seattle 
Department of Engineering, Solid Waste Utility for the cost of copying. The, 
data are collectively referred to as the Parametrix Midway RI/FS Gas Analysis 
Data (8 vols.). 

5.1. OVERVIEW OF SAMPLING RESULTS 

Several USEPA HSL VOCs were found in both on-site and off-site subsurface gas 
samples. The compounds most frequently found together were the BTX-group 
compounds (benzene, toluene, total xylenes, ethylbenzene, and styrene). 
Vinyl chloride was very often associated with the BTX-compound group in on-
site subsurface gas samples, but in off-site subsurface gas samples it vas 
found much less frequently than the BTX group. 

Maxinum on-site concentrations for BTX-group compounds and vinyl chloride 
were in the 17 to 31 ppm range. All the maximum contaminant concentrations 
for BTX-group compounds and vinyl chloride were from one on-site gas extrac
tion well (44D-0) that operated at a relatively low gas flow rate. Arith
metic mean on-site concentrations for these compounds were in the 2 to 4 ppm 
range. 

Maximum off-site concentrations for the BTX-group compounds and vinyl 
chloride were less than 0.3 ppm. Arithmetic mean off-site concentrations 
were in the lov parts-per-billion range, often near or belov the detection 
limit. 

Interpretation of results for other compounds is less clear for several 
reasons: 1) a lack of clear-cut patterns of geographic distribution, 2) 
extremely lov concentrations reported, and 3) quality assurance/quality 
control issues related to trace contaminant levels present in laboratory 
blanks. These results are discussed in more detail in subsequent sections of 
this chapter. 

Prediction of potential public health impacts associated vith the observed 
concentrations of compounds present in subsurface gas is complex and con
sidered beyond the scope of the Gas Characterization Technical Memorandum. 
Important factors in a public health analysis include detailed description of 
the numerous assumptions required to describe any potential exposure scenar
io, estimation of concentrations of specific compounds at the exposure point, 
and the intrinsic toxic properties of specific compounds to which human 
receptors are potentially exposed. These issues vill be addressed in the 
Endangerment Assessment currently being prepared by ICF, Inc., for the Midvay 
Landfill Feasibility Study. 
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5.1.1. PRIMARY COMPOUNDS DETECTED 

5.1.1.1. Compounds detected in both on-site and off-site subsur
face gas 

Results of Parametrix' on-site and off-site subsurface gas sampling ac
tivities are summarized in Tables 5-1, 5-2, and 5-3. Several HSL VOCs vere 
found in a high percentage of both on-site and of f-site subsurface gas 
samples. These compounds, listed in decreasing frequency of on-site occur
rence, include: 

o Ethylbenzene 
0 Xylenes (total) 
0 Toluene 
o Benzene 

The compounds listed above were found in greater than 50^ of both the on-
site gas extraction well and off-site gas monitoring probe completions 
sampled. Styrene was frequently reported in low concentrations in on-site 
and off-site subsurface gas in association with the compounds listed above. 
Vinyl chloride was reported present in 86% of the on-site gas extraction well 
completions sampled but was found in only 17% of the off-site gas probe 
completions sampled. The HSL VOC 1,1, l-trichloroethane was reported present 
at 50Z of the of f-site gas monitoring probes sampled but not at any of the 
on-site gas extraction wells sampled by Parametrix during the remedial 
investigation. Other HSL VOCs were reported less frequently. 

Overall, the group of compounds that includes benzene, toluene, total 
xylenes, ethylbenzene, and styrene is consistent vith vhat laboratories 
call a "BTX" pattern. The term BTX describes a mixture of aromatic compounds 
whose major constituents include ^enzene, Xoluene, and any or all of the 
three J^lene isomers, often associated with other derivatives of simple 
aromatic compounds. (Note; the chemical term "aromatic compounds" includes 
benzene and other organic compounds that resemble benzene in chemical 
behavior. The chemical term "aromatic compounds" should not be confused with 
the common understanding of the phrase "odor-causing substances.") The BTX-
group compounds share a number of characteristics vith respect to chemical 
structure and behavior (see Figure 5-1). 

BTX-type mixtures of aromatic compounds are found in a multitude of common 
materials, including petroleum-based motor and aviation fuels, solvents, 
thinners, paints, inks, cleaning fluids, and degreasers. They are also 
videly used as chemical building blocks and intermediates for the industrial 
synthesis of an even greater variety of chemical products. 

Vinyl chloride (also called vinyl chloride monomer, VCM, or chloroethene) is 
not typical of BTX-type mixtures. Vinyl chloride shares structural and 
chemical characteristics with other chlorinated-ethene-based solvents, which 
differ from the BTX-group compounds described above (see Figure 5-1). Vinyl 
chloride monomer (VCM) is used industrially in the manufacture of polyvinyl 
chloride (PVC) plastics and other polymeric resins and to a lesser extent as 
a chemical intermediate and solvent. (Note: -"ethene" is the currently 
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Table 5-1. Summary of results Cm ppb) for USEPA Hazardous Substances List Volatiie 
Organic Con^xNinds (HSL VOCs) in on-site and off-site subsurface gas samples 
collected by Parametrix, Inc. during June^July 1987. 

ON-SnE SS EXTRflCnON IBI OKiniOG smuD 

Oi 
No. of Saapling Rounds « 1 

14 Nell naplrt iof is; total of 1£ saqdes) 

OFF-SITE fins MONimUNB PROBE COMPLEnCXS SMDIED 

No. of SMpliiq Rounds " 2 
(N « 12 probe eo^ i l t t ioK; total of 27 IK) 

l» 

CflSI 

UBEPR 
Hazardous Subs tances L i s t 
V o l a t i l e Organic Coapoond 

(ISEPfl HSL VDD« 

(GL 
VX 

t 

Coapounds reported present both on-site and off-site: 

iro-41-4 
75-ei-4 

133»-2B-7 
188-fia-3 
71-43-2 

180-42-5 
18fi-»-7 
127-16-4 
75-«9-2 

lW-99-9 
75-69-4 
75-»-3 
67-64-1 
76-93-3 
7B-13-1 
75-35-* 

E t h y l b e n z e n e 
Vinyl c h l o r i d e 
Xylenes (To ta l ) 
To luene 
Benzene 
Styrene 
Chlorobenzene 
Tetrachloroethene 
Methylene chloride 
Tetrahydrofurwt 
TrichlorofluoriMBtliane 
Chloroethane 
Acetone 
2-^tanone 
TrichlorotriflMToethane 
1, l-Dichloroethene 

Coapounds reported present on-site only: 

79-«l-6 
75-34-3 

lee-fls-* 
156-6»-5 
ie7-«6-£ 

ie8£i-ei-5 
186-10-1 

(Continued . . 

Trichloroethene 
1,l-Oichloroethane 
Vinyl acetate 
trans-1,2-Dichloroethene 
1,£-Dichloroeth«e 
cis-1,3-Dichloroprapene 
A-Ketny1-2-pentanone 

. ) 

21 
29 
37 
25 
3 

35 
8 

24 
22 
91 1 
92* 
9 

38 
31 
93t 
16 

26 
14 
36 
17 
15 
19 
34 

*o f t o f 
Sailed Sailed 

Hell Nell 
Ca^)letions Coapletions 

Uhere Uhere 
Reportable Reportable 

Maxim 
Report

able 
Concen
tration 

(pob) 

fcwrase 
t r i th . 
Neat) 

tration 
<PPb) 

Std. 
fiev. 

of 
Mean 

Concen

t ra t ion 

(ppb) 

13 
12 
11 
18 
18 
5 
5 
4 
2 
2 
2 
2 
1 
1 
1 
1 

93 » 
86X 
79* 
71 % 
71 * 
36X 
36% 
29« 
14 « 
14 i 
14 y 
14 % 
7% 
I t 
T t 
I t 

16,618 
31,215 
29,195 
24,844 
1,384 

588 
25B 
88 

2,646 E 
2,899 

357 
788E 
939 
183 
186 
112 

2,625 
2,687 
3,419 
1,928 

316 
41 
34 
18 

228 
224 
25 
45 
59 
11 
9 
7 

4,133 
7,686 
7,286 
5,751 

394 
122 
66 
23 

662 
604 
86 

171 
227 
44 
26 
27 

4 
3 
3 
2 
1 
1 
1 

29» 
21 * 
21 < 
14 S 
I t 
7 * 
7< 

97 
746 
483 

79 
126 
15 
6 

7 
49 
48 
5 
6 
1 
8 

23 
181 
117 
19 
31 
4 
1 

Std. 
* ef * of Naxiaoi Average Dev. 

Sailed Sallied Report- (Arith. of 
Probe Probe able Mean) (tan 

Co^iletions Coapletions Concen- Concen- Conccn-
Uhere Uhere tration tration tration 

Reportable Reportable (ppb) (ppb) (ppb) Code 

11 
2 
9 

18 
6 
6 
1 
1 
2 
2 
2 
1 
3 
3 
2 
1 

9Zt 
n t 
7 5 * 
6 3 * 
67* 
56* 
6 * 
6 * 

17* 
17* 
17* 
6 * 

25* 
25* 
17* 
8 * 

127 
275 
186 
66 

185 
134 
56 
4 

2,469 E 
733 
223 

1,192 
48,082 

466 
3,800 E 

7 

44 
35 
19 
16 
28 
16 
2 

8.2 
169 
27 
11 
44 

1,659 
31 

125 
8.3 

41 1 
86 1 
26 1 
21 1 
46 1 
37 1 
18 1 
1 1 

681 1 
136 1 
M 1 

225 1 
7,572 1 

188 1 
SE8 1 

1 1 

0 
8 
0 
0 
0 
0 
0 

0 * 
0 * 
0 * 
8 * 
8 * 
8 * 
0 * 

ND 
to 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
10 
ND 

M> 
» 
» 

- ND 
ID 
ND 
ND 

2 
2 
2 
2 
2 
2 
2 

NOTE: Data oresentec in this table are not blank-corrected and therefore represent a conservative estieate of true values. 
ND B Mot Detected (detection liaits vary by coapound and as a function of aatrix interferences). 
R B Rejected data value (not seen in this Table); data rejected per Quality Assurance guidelines. 
(data value) E = Estiaated data value; estiaate based on cryogenic systca blank froa date other than saaole analysis date doe to lab's loss of cryogenic blank data file. 
ND and R values assuaed to have a nuaerical value equal to zero for purposes of statistical coaputations; *E* (estiaated) values used as shoan. 
(See also footnotes at end of this table) 
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Table 5-1. Summary of results fin ppb) for USEPA Hazardous Substances List Volatile 
Organic Compounds (HSL VOCs) in on-site and off-site subsurface gas samples 
collected by Parametrix, Inc. during June-July 1987. 

Oi-SnE GRS EZTRflCnCM lELL COnJETIOE S f m B 

No. o f Saapling Rounds « 1 
(N B 14 Nel l comlv t ions ; t o t a l of 16 s a ^ e s ) 

OFF-SITE GAS MONITORINB PROBE COHPLfnoe SflWiD 

No. o f SaapliiH] Rounds e 2 
(N e 12 probe eoaplfftions; t o t a l ef 27 l a n l a s ) 

l» 

CASi 

USEPA 

Hazardous Substances List 
Volatile Organic Coapoond 

(ISEPA HSL V(E}» 

ffi. C 
VX 
t 

Coapounds reported present both oir^ite « d off-site: 

100-41-4 
75^W 

1330-20-7 

188-66-3 
71-43-2 
180-«-5 
106-W-7 
127-16-4 

75-09-2 
189-99-9 
75-69-* 
75-«-3 
67-64-1 

76-93-3 
76-13-1 
75-35-4 

Ethylbenzene 
Vinyl chloride 

Xylenes (Total) 
Toluene 
Benzene 
Styrene 
Chlorobenzene 

Tetrachloroethene 
Methylene chloride 

Trichlorofluoroaethane 
Chloroethane 
Acetone 
2-6utanone 

Trichlorotriflaoroethane 
1, l-Dichloroethene 

Coapounds reported present on-site only: 

79-81-6 
75-34-3 
188-05-4 

156-60-5 
107-05-2 

18061-01-5 
106-10-1 

(Continued .. 

Trichloroethene 
1,1-Dichloroethne 
Vinyl acetate 

trans-1,2H)ichlaroethene 
1,2-DichloroethaBe 
cis-l, S-Dichloropropene 
4-Methyl-e-pentanone 

. ) 

21 
29 
37 
25 
3 
35 
6 
24 

22 
91« 
92t 

9 
38 

31 
93« 

16 

28 
14 
36 
17 
15 
19 
34 

iof 
Samlcd 

Nell 
Coapletions 

Uhere 
Reportable 

*of 
Saapled 

Nell 

Coapletions 
Uhere 

Reportable 

Maxiaa 
Report

able 

Concen 
tration 

(pob) 

fcwrage 
•brith. 
MwO 

Loncen-
tration 

(ppb) 

Std. 
Dev. 
of 

Mean 

traticm 
(ppb) 

«of 
Samled 
Probe 

Coapletions 
Uhere 

Reportable 

*of 
SMplcd 
Probe 

Coapletions 
Uhere 

Reportable 

Naxiana 
Report

able 

tration 
(ppb) 

Average 
(Arith. 
Mean) 

tration 

(ppb) 

Std. 
Oev. 
ef 

Nun 

Concen
tration 

(ppb) 

13 
12 
11 
10 
10 
5 
5 
4 
2 
2 
2 
2 
1 
1 
1 
1 

93* 
66* 
79* 
71 * 

71 * 
36* 
36* 

29* 
14* 
14* 
14* 
14* 
7* 

7* 
7* 
7* 

16,610 
31,215 
29,195 
24,844 
1,364 

S86 
256 
88 

2,646 E 
2,899 
357 

786E 
939 

183 
186 
112 

2,625 

z,m 
3,419 
1,928 

316 
41 
34 

18 
228 
224 

25 
45 
59 
11 
9 
7 

4,133 
7,686 
7,286 
5,751 
394 
122 
66 
23 
662 
684 
86 
171 
227 

44 
26 
27 

Code 

29* 
21 « 
21 * 
14* 
7 * 
7 * 
7 * 

97 
746 
463 
79 
126 

15 
6 

7 
49 
48 

5 
6 

1 
8 

23 
181 
117 

19 
31 
4 

1 

11 
2 
9 
18 
6 
6 
1 

1 
2 
2 
2 

1 
3 
3 
2 
1 

92* 
17* 
75* 
63* 
67* 

58* 
6* 
6* 
17* 
17* 
17* 

6* 
25* 

25* 
17* 
6* 

127 
275 
106 
66 

165 
134 

56 
4 

2,469 E 
733 
223 

1,192 
48,802 

466 
3,800 E 

7 

44 
35 
19 
16 
28 
16 
2 

8.2 
169 
27 

11 
44 

1,659 

31 
125 
8.3 

41 1 
86 1 
26 1 
21 1 
46 1 
37 1 
18 1 

1 1 
681 1 
138 1 
44 1 
225 1 

7,572 1 
188 1 

SE6 1 

1 1 

0 
0 
0 
0 
8 
8 
8 

8* 
0 * 
0 ( 

0* 
0* 
8* 
0* 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 

ID 

m 
ND 

' ND 
» 
ND 

m 

2 
2 
2 
2 
2 
2 
2 

NOTE: Data oresentec in this table a n not blank-corrected and therefore represent a conservative estiaate of true values. 
ND B Not Detected (detection liaits vary by ccapound and as a function of aatrix interferences). 
R B Rejected data value (not seen in this Table); data rejected per Quality Assurance guidelines. 
(data value) E = Estiaated data value; estiaate based on crycqenic systea blank froa date other than saaole analysis date due to lab's loss of cryogenic blank data file. 
ND and R values assuaed to have a nuaerical value equal to zero for purposes of statistical coaputations; 'E* (estiaated) values used as t h o r n . 
(See also footnotes at end of this table) 

C i t y o f S e a t t l e - M i d w a y L F R I 32 March 23, 1988 



Table 5-1. 
Page 2. 

(continued) 

ON-SITE GAS EXTRACniM NELL COMPLEnOG SIWlID 

No. o f Saapling Rounds * 1 

(N ' 14 ae l l ce^ i le t ions; to ta l of 16 SMples) 

OFF-SnE GAS NDNITDRING PROBE CDKiLEnONS SRMPIID 

No. o f Sanding Roonds « 2 
(N s 12 probe conp le t ion ; t o ta l of 27 saaples) 

cnst 

USEPA 

Hazardous Substances L i s t HSL 

V o l a t i l e O r g a n i c Coapound VOC 

(USEPA ra. W C ) « • 

• of 
Saapled 

Uell 
Coapletions 

Uhere 
Reportable 

*of 
Saapled 

Uell 
Coapletions 

WnCTC 

Reportable 

MaxiauB 
Report

able 

tration 
(ppb) 

Average 
(Arith. 
Mean) -

tration 
(ppb) 

Std. 
Dev. 
ef 

Mean 
Concen
tration 

(ppb) 

• of 
Saapled 
Probe 

Coapletions 
Uhere 

Reportable 

*of 
Sailed 
Probe 

Coapletions 
there 

Reportable 

Naxiana 
import

able 
Concen
tration 

(ppb) 

Average 
(Arith. 
Itoan) 

Concetr-
tration 

(ppb) 

Std. 
Oev. 
of 

'Itean 
Concen
tration 

(ppb) Code 

Coapounds reported o f f - s i t e only: 

71-55-6 l , l , l -Tr ich l<roethane 26 
74-67-3 Chlorcaethane 12 
75-15-0 Carbon d isu l f ide 32 

0 
0 
0 

0* 
0* 
0* 

HE) 
ND 
IS) 

ND 
ND 
ND 

ND 

» 

6 
5 
4 

50* 
42* 
33* 

67 
666 
79 

4 
37 
9 

- 13 
128 

• 22 

3 
3 
3 

Coapounds not detected/not reportable: 

75-27-4 
74-63-9 
75-25-2 
56-23-5 
110-75-6 
67-66-3 
124-46-1 
76-67-5 

18061-K-6 
79-34-5 
79-«0-5 
591-76-6 

(Continued .. 

Broaodichloroaethane 
Broaoaethane 
Broaofora 
Carbon tetrachloride 
2-Chloroethylvinyl ether 

1,2H)ichloropropane 

trans-l, j-Dichloropropene 
1,1,2,2-Tetrachlaraethane 
1,1,2-Trichloroethane 
2-HexanonB 

. ) 

4 
5 
6 
7 
10 
11 
13 
16 
28 
23 
27 
33 

8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
0 

0* 
0* 
0* 
0* 
0* 
0* 
0* 
0* 
0* 
0* 
0* 
0* 

ND 
ND 
ND 
ND 
Ml 
ND 
M) 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

M) 
ND 
W 
ND 
ND 
18) 
M) 
ND 
M> 
ND 
ND 
ND 

0 
0 
0 
0 
8 
8 
8 
8 
0 
0 
0 
0 

0* 
0* 
0* 
0* 
8* 
8* 
8* 
8* 
8* 
8* 
0 * 
0* 

m 
ND 
ND 
W 
» 
W 
» 
ND 
» 
» 
W 
M> 

ND ' 
ND 
ND 
M) 
ND 
»> 
W> 
ND 
ND 
ND 
ND 
ND 

- m 4 
ND 4 
m 4 

- » 4 
ND 4 
ND 4 

' ND 4 
' ND 4 

M) 4 
M) 4 

' ND 4 
ND 4 

NOTE: Data oresentec in t n i s table are not blank corrected and therefore represent a conservative estiaate of true values. 
ND - Not Detected (Detection l i a i t s vary by coapound and as a function of aat r ix interferences). 
R = Rejected data value (not seen in th is Table); data rejected per Duality Assurance guidelines. 

(data value) E = Estiaated data value; estiaate based on cryogenic systea blank froa date other than saaole analysis date due to lab's loss of cryogenic blank data f i l e . 

ND and R values assuaed t o have a nuaerical value eoual to zero fo r purposes of s t a t i s t i c a l coaputations; "E" (estiaated) values used as shoan. 
(See also footnotes at end of th is table) 
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(continued) 

ON-SITE GAS EXTRflCTION UELL COMPLOIONS SRMPLED 

No. of Saapling Rounds » 1 
(N - 14 Hell coapletions; total of 16 sables) 

OFF-SITE GRS NDNITDRINB PROBE COMPLEnONS SAMPLB 

No. ef Saapling Rounds « 2 
(N s 12 probe coapletions; total of 27 les) 

CAS i 

USEPA 
Hazardous Substances List HSL 
Volatile Organic Coapound VOC 

(ISEPA HSL VDC)« « 

#of 
Saaoled 

Uell 

Coapletions 
Uhere 

Reportable 

* o f 
Saapled 

Uell 

Coapletions 
Uhere 

Reportable 

MaxiauB 

Report
able 

t r a t i on 

(ppb) 

Average 
(Ar i th. 

Mean) 

Concen
t ra t i on 

(ppb) 

Std. 
Dev. 

of 
NBB) 

Concen
t ra t i on 

(ppb) 

• of 

Saagled 
Probe 

Coapletions 
Uhere 

Reportable 

* o f 
Svpled 

Probe 

Coaoletions 
Uhere 

Reportable 

Naxiaoa 

Report
able 

t ra t i on 
(ppb) 

Average 
(Ar i th . 

Mean) 

Concen
t r a t i o n 

(ppb) 

Std. 
Dev. 

of 
Mean 

Concen 
t r a t i o n 

. (ppb) Code 

FOOTNOTES: (1) (2) (3) (4) (5) (6) (7) (6) (9) (10) (11) 

< HSL coapounds Acrolein («1) and Acrylonitrlle («2) deleted froa HSL by USEPA. 
Tetrahydrofuran (9lt), Trichlorofluoroaethane (92t), t Trichlorotrifluoroethane (93») 
not on HSL but reported on lab's list of target coapounds. 

For all coapounds, saaple values «ere reportable only Hhen they exceeded lab systea blanks by a factor of ten (10). 
Uhere co^xwnds aere reportable, lab systea blank values aere subtracted froa sople values to yield reported saaple valae. 

(1) 
(2) 

G) 
(4) 

(5) 

(6) 

a) 

(6) 
(9) 

(18) 

(11) 

of saapled gas extraction aell coapletions ahere coapound aas reportable under BA/flC protocol. 
Per cent of saapled gas extraction aell coapletions ahere coapound aas reportable under QA/C protocol. 

= (• of aell coapletions where reportable) / (14 aell coapletions saapled) x 180 
Naxiaua reportable concentratiori (parts per billion, ppb), after blank correction 
Average (arithaetic aean) concentration (parts per billiori, ppb) 

0 based on (SUB of 16 saaples)/(16) 
0 Not Detected (ND) and Rejected (R) values assuaed to have nuaerical value of zero 

Standard deviation of aean concentration 
0 based on 16 saaples 
0 Not Detected (ND) and Rejected (R) values assuaed to have nuaerical value ef zero 

Nuaber of saapled gas aonitoring probe coapletions ahere coapound was reportable under QA/QC protocol. 
(eg., 6e-M and 86-5 are considered t m distinct probe coapletions) 

Per cent of saapled gas aonitorii^ probe coapletions uhere coapound aas reportable under m/QC protocol. 
B (• of probe coapletions ahere reportable) / (12 probe coapletions saapled) x 188 

HaxiauB reportable concentration (parts per billion, pob), after blank correction 
Average (arithaetic aean) concentration (parts per billion, ppb) 

c based ori (sua of 27 saaples)/(27) 
0 Not Detected (ND) and Rejected (R) values assuaed to have nuaerical value of zero 

Standard deviation of aean concentration 
0 based ori 27 sanples 
0 Net Detected (ND) and Rejected (R) values assuaed to have nuaerical value of zero 

Coapounb-specific saapling results code 
1 = Coapound found both on-site and off-site 
2 s Coapound found on-site only 
3 s Coapound found off-site only 
4 = Coooound found neither on-site nor off-site 
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Table 5-2. Concentrations (in ppb) of USEPA HazanJous Substances List Volatile Organic Compounds (HSL VOCs) in subsurface gas samples from on-site gas extraction 
wells sampled by Parametrix, Inc. during June-July 1987. 

USEPA 
Hazardous Substances Lilt 

Volatile Organic Coapound 
CAS « (USEPA HSL VOC)* 

71-43-2 Benzene 
75-27-4 Broaodichloroaethane 
74-63-9 Broaoaethme 
75-25-2 Broaofora 
56-23-5 Carbon tetrachloride 
160 90 7 Chlorobenzene 
75-00-3 Chloroethane 
110-75-6 2-Chioroethylvinyl ether 
67-66-3 Chlorofora 
74-67-3 Chlorcaethane 
124-46-1 Dibroaochloroaethane 
75-34-3 1,1-Dichloroethane 
107-06-2 1,2-Dichloroethane 
75-35-4 1,1-Dichloroethene 
156-60-5 trans-l,2-ihchloroethene 

18861-81-5 ci5-l,3-Dichlaropropene 
18061-82-6 trans-1,3-Oichloropropene 

100-41-4 Ethylbenzene 
75-09-2 Methylene chloride 

79-34-5 1,1,2,2-Tetrachloroethane 
127-16^ Tetrachloroethene 
106-66-3 Toluene 
71-55-6 1,1,1-Triehloroethane 
79-00-5 1,1,2-Trichloroethane 
79-01-6 Trichloroethene 
75-01-4 Vinyl chloride 

67-64-1 Acetone 
76-93-3 2-Butanone 
75-15-0 Carbon disulfide 

591-76-6 2-Hexanone 

186-10-1 4-Methyl-2-pentanone 
180-42-5 Styrene 
186-85-4 Vinyl acetate 

1330-20-7 Xylenes (Total) 
109-99-9 Tetrahydrofuran 
75-69-4 Trichlorofluoroaethane 
76-13-1 Trichlorotrifluoroethane 

Total: 
Maxinum: 
Mean: 

Std. Dev. of Mean: 
Mo* OT CoHpounds Founds 

NOTE; Data presented in this table sr 

Ifi. 
VOC 
• 

3 
4 

5 
6 
7 
6 
9 
10 
11 
12 
13 
14 

15 
16 
17 
16 
19 
20 
21 
22 
23 
24 

25 
26 
27 
26 
29 

30 
31 
32 
33 
34 

35 
36 
37 

91 f 
92 « 
93 « 

•e not 

4-0 

102 
W 
ND 
W 
ID 
51 
15 
ND 
R 
» 
ND 
12 
ND 

m 

ND 
M) 
ND 

2,467 
R 
M) 
7 

235 
R 
ND 
ND 
21 
R 

R 
R 
ND 
M) 
46 
56 
611 
R 
ND 
R 

3,622 
2,467 

95 
403 

12-0 

381 E 
ND 
ND 
» 
M) 
M) 
788E 
M) 
W 
W 
» 
ND 
ND 
IS) 
M) 
ND 
ND 
ND 

16-0 

ND 

M> 
ND 

M> 
ND 
ND 
M) 
ND 
ND 

Ml 
ND 
M) 
ND 
M) 
W) 
ND 
ND 
ND 

2,4H E 2,240 

2,646 E 
M) 
ND 
125E 
ND 
ND 
ND 

204E 
ND 

R 
ND 
M) 
ND 
ND 
ND 

1,417 E 

1,493 E 
ND 
R 

9,419 
2,646 

24fi 
640 

R 
ND 
M) 
ND 

M> 
ND 
ND 

730 
R 
ND 

NO 
ND 

M> 
ND 
M) 
IS) 
M) 
ND 
ND 

2,971 
2,240 

78 
374 

21-0 

661 

m 
ND 
M) 
ND 
W 
ND 
ND 
M) 
ND 

m 
m 
ND 
M) 
ND 
ND 
M> 

m 
6,744 

R 
ND 
ND 

1,843 
ND 
ND 
W) 

1,536 
R 

R 
ND 
M> 

ND 
ND 
IS) 

2,965 
R 
ND 
ND 

13,150 
6,744 

346 
1,191 

11 6 2 5 

24-0 

77 
ND 

n 
M) 
ND 
44 
ND 
ND 
R 
ND 

m 
M) 
ND 
ND 
ND 
ND 
ND 
ND 
371 

R 
ND 

12 
78 

R 
ND 
5 
25 
R 

R 
R 
ND 
ND 
37 

ND 
164 

R 
357 
ND 

1,102 
371 
29 
83 
18 

represe 

25-0 

461 
ID 
W) 
ND 
ND 

139 
M) 
ND 
R 
ND 
ND 
ND 
ND 

ND 
7 

ND 
ND 
ND 

1,%4 
R 
ND 

60 
704 

R 
ND 
10 
111 
R 

R 
R 
ND 
ND 

53 
95 

1,743 
R 
R 
R 

(•1 
33-0 

787 
ND 
ND 
ND 
ND 
W) 
»> 
ND 
M) 
ND 
M) 
ND 
ND 
M) 
ND 
ND 
ND 
ND 

5,544 
R 
ND 
ND 
ND 
ND 
ND 
ND 

8,457 

R 

R 
ND 
ND 

ND 
ND 
ND 

4.323 
R 
ND 
R 

5,327 19,0X 
1,924 
140 

421 

11 

6,457 
501 

1,716 
4 

nt a conservat 

•2 
33-« 

M) 
ND 
ND 
ND 
W) 
ND 
ND 

m 
ND 
ND 
ND 
ND 
ND 
ND 
M) 

ND 
ND 
ND 
ND 
R 

ND 
ND 
ND 
ND 

m 
ND 
ND 
R 

R 
ND 
ND 

ND 

m 
ND 
7 

ND 
ND 
£ 

39 
32 
1 
5 
2 

W-SITE GAS EXTRAaiON U E U 0 X 0 1 0 1 0 6 SAMIED 

(N 

«2fl) 
33-0 

M) 
ND 

m 
ND 
M) 
ND 
ND 
ND 
ND 
M) 

m 
ND 
ND 
ND 
ND 

ND 
M) 
M) 
ND 
677 

ND 
ND 
ND 
ND 
ND 
Ifi) 
M) 

939 
ND 

ND 
ND 
ND 
ND 
») 
M) 
ND 
ND 
106 

1,922 
939 
51 
203 
3 

ive estiaate o 

No. of Saaplini 
« 14 aell coapletions' 

34-0 

1,384 
W> 
IS) 
ND 
W) 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

m 
ND 
m 
ND 

566 
R 
ND 
ND 
417 
ND 
ND 
ND 
461 
R 

R 
») 
ND 
ND 
ND 
ND 
ND 
R 
ND 
ND 

2,826 
1,364 

74 

252 
4 

36D-0 

408 

m 
ND 
M) 
ND 
») 
ND 

m 
ND 
ND 
»0 
ND 
ND 

ND 
M) 

ND 
ND 
ND 

5,285 

R 
M) 

m 
2,185 

ND 
ND 
ND 

1,566 
R 

ND 
ND 
M) 
ND 
ND 
ND 

11,890 
ND 
ND 
ND 

22,367 

11,090 
536 

1,961 
5 

f true values ( 

41D-0 

R 
M) 
ND 
W) 
ND 
W 
M) 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 

R 
R 
ND 
ND 

1,961 
ND 
ND 
ND 
ND 
R 
ND 

ND 
ND 

ND 
ND 
») 

3,166 
ND 
ND 
ND 

5,138 
3,166 
135 
569 
2 

1 Rounds s 1 
total of 16 saaples) 

4«H) PA60-0 

648 
ND 
» 
ND 
M> 
256 
ND 
M) 
ND 

m 
M) 
748 
126 
112 
79 

15 
») 

16,610 
R 
M) 
57 

24,844 
R 

ND 
97 

31,215 
R 
R 

R 
IB) 
ND 

586 
463 

29,195 
R 
R 
R 

104,166 
31,215 
2,742 
7,942 

15 

i.e., true values 

74 
M> 
ND 
» 
ND 
45 
ND 
ND 
» 
ND 
» 

m 
m 
ND 
M) 
W 
ND 
ND 
430 
R 
ND 
M) 
22 
R 
ND 
2 
46 

R 
163 
R 
ND 

6 
17 
18) 
72 

2,899 
44 
R 

3.048 
2,099 

60 
340 

12 

are si 

PD6D-0 

ND 
ND 
ND 
M) 
M) 
ND 
ND 
ND 
ND 
»> 
M) 
ND 
M) 
ND 

ND 
ND 
M> 
634 

R 
M> 
ND 
ND 
ND 
ND 
ND 
536 
R 

R 
W 
» 
ND 
M) 
ND 
ND 
R 
ND 
ND 

1,172 
63« 
31 
131 
2 

inhtly 1 

P012D-0 

R 
» 
» 
H) 
ND 
ND 
ND 

m 
R 
M) 
M) 
27 
ND 
M) 
ND 
W) 
ND 
ND 
16 
R 
ND 

m 
R 
ND 
ND 
M) 
ND 

R 
R 

R 
ND 
M) 
ND 
M) 
11 
R 
R 
ND 

54 
• 27 

1 
5 
3 

Xof 
Sallied 

Uell 
Coapletions 

Uhere 
Reportable 

71 * 
8 * 
8* 
8* 
8* 

," 3 6 * 
14* 

8* 
8* 
8* 
8 * 

•'.. 21 * 

7 * 
7* 

:. 1 4 * 

8 * 
7* 

0* 
93* 

: 1 4 * 
8* 
29 * 
71 * 
0* 
0* 

- 2 9 * 
66* 
7* 

7* 

• » * 

0* 
7* 

36* 

; 21 * 

'•: 7 9 * 

i 14 * 
14 * 
7* 

N/AP 
93* 
16* 
26* 

Naxiav 
Reportable 

tration 

(ppb) 

1,384 
ND 
M) 
ND 
M) 
256 
706 
ND 
» 
ND 
M) 
746 
126 
112 
79 

m 
15 
ND 

16,618 

2,646 
ND 
88 

24,044 

ND 
M) 
97 

31,215 
939 
163 
ND 
KD 

6 
588 
463 

29,195 
2,099 
357 

.106 

N/AP 
31.215 
2,947 
7,692 

Average 
(Arith. 
Mean) 

Concen
tration 

(pob) 

316 
ND 
ND 
ND 
ND 
34 

45 
ND 
ND 
ND 
ND 
49 
6 
7 

5 
ND 
1 
ND 

2,625 

220 
ND 

10 
1,928 

ND 
M) 
7 

2,807 
59 

11 
» 
ND 
8 
41 
40 

3,419 
224 
25 
9 

N/AP 
3,419 
316 
6S2 

(Total of 23 target V X s detected) 

oaer than data presented here). 

Standard 
Deviation 
of Arith. 

Mem 
Concen
tration 

(ppb) 

394 
W) 

m 
m 
ND 
66 
171 
ND 
ND 
ND 
ND 
161 
31 
27 

19 
ND 
4 

ND 
4,133 
662 

m 
23 

5,751 
ND 
ND 

23 
7,686 
227 
44 

ND 
ND 

1 
122 
117 

7,286 
604 
66 
26 

N/AP 
7,686 
724 

1,^ 

S e a t t l e - M i d w a y L F R I 

* HSL coapounds Acrolein («1) and Acrylonitrlle («2) deleted froa HSL by USEPA. 

Tetrahydrofuran (9U), Trichlorofluoroaethane (92«), t Trichlorotrifluoroethane (93») not on HSL, but reported on lab's list of target coapounds. 
M) - Not Detected (detection liaits vary by coapound and as a function of aatrix interferences). 
R ' Rejected data value; QR/OC review indicated saaple results not sufficiently higher than lab blank to report value. 
M) and R values assuaed to have a nuaerical value equal tc zero for purposes of statistical coaputations. 
(data value) E = Estiaated data value; estiaate based on cryogenic systea blank froa date other than saaple analysis date due to lab's loss of blank data file. 
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labia 5-3. Concentrations (in p(A).of USEPA Hazardous Substances Ust Volatile Organic Compounds (HSL VOCs) in subsurface gas samples from off-site gas monitoring 
probes sampled by Parametrix, Inc during June-July 1987. 

! • 

Iy of Seatt le 
ifay LF RI 

USEPA 
Hazardous Sotartancas Ust 

Volatile Organic Coapouid 
CRS^ (USEPA HSL VDC)« 

71-43-2 Benzene 
75-27-4 Broaodichloroaethane 
74-63-9 Broaoaethane 
75"25^ BroBorore 
56-23-5 Carbon tetrachloride 
188-90-7 Oilorabenzene 
75-00-3 Chloroethane 
110-75-6 2-Chloroethylvinyl ether 
67-66-3 Chlorofora 
74-67-3 Chloroaethane 
124-46-1 Oibr«aochloroaethane 
75-34-3 1,1-Oichloroethane 
187-06-2 1,2-Oichloroethane 
75-35-* 1,1-Oichloroethene 

156-60-5 trans-l, 2-Dichlororthcne 
76-67-5 1,2-Dichloropropane 

18861-01-5 cis-1,3-Dichloropropene 

16e61-«2-6 trans-1,3-Dichloropropene 
188^1-4 Ethylbenzene 

75-09-2 Methylene chloride 

79-34-5 1,1,2,2-Tetraehloroethane 
127-16-4 Tetrachloroethene 
186-66-3 Tolaeic 

71-55-6 1,1,1-Triehloroethane 
79-80-5 1,1,2-Trichloroethaic 
79-01-6 Trichloroethene 
75-81-4 Vinyl chloride 
67-64-1 Acetone 

76-93-3 2-Butanone 
75-15-0 Carbon disulfide 
591-76-6 2-4kxano)« 
186-10-1 4-Methyl-2-pentanone 
180-42-5 Styrene 
186-05-* Vinyl acetate 
1338-20-7 Xylenes aotal) 

75-69-4 Trichlorofluoroaethane 
76-13-1 Trichlorotrifluoroethane 

Total: 
Maxiaua: 
Mean: 
Std. Dev. of Mean: 

No. of Coaoounos Fomd: 

HSL 
VOC 
• 

3 
4 
5 
6 
7 
6 
9 
18 

11 
12 
13 
14 

15 
16 
17 
16 
19 

28 
21 
22 
23 
24 

25 
26 
27 

26 
29 
38 
31 
32 
33 
34 

35 
36 
37 

91 • 
92* 
93* 

2-S 2-S 2-S 
(•1 ilR 82) 

43 
ND 
ND 
ND 
ND 
») 
ND 
M) 
ND 
46 
ND 
ND 
ND 
ND 
») 
») 
ND 
ND 
76 
R 
ND 
ND 
47 

ND 
ND 
ND 
ND 
ND 
ND 
R 
ND 
ND 
134 
Ifi) 

1 2 
ND 
ND 
R 

49 
ND 
ND 
ND 
ND 
ND 
ND 
» 
R 
ND 
M) 
ND 
ND 
ND 
M) 
Ifi) 
M) 
ND 

75 
R 

K) 
ND 
66 
ND 
ND 
ND 
ND 
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VOCs detected) 

NOTE: Data presented in this table are not blank-corrected and therefore represent a conservative estiaate of true values (i.e., true values are slightly loaer than data presented here). 
• Ifi. coapounds Acrolein («1) and Acrylonitrlle (•2) deleted froa Ifi. by USEPA. 

Tetrahydrofuran (9l«), Trichlorofluoroaethane (92«),' t Trichlorotrifluoroethane (93») not on HSL, but are reported on lab's list of target coapounds. 
ND = Not Detected (detection liaits vary by coapound and as a function of aatrix interferences). 
R = Rejected data value; OA/QC reviea indicated saaple results not sufficiently higher than lab blank to report value. 
ND and R values assiaed to have a nuaerical value equal to zero for purposes of statistical coaputations. 
(data value) E = Estiaated data value; estiaate based on cryogenic systea blank froa date other than saaple analysis date due to lab's loss of blank data file. 36 March 23, 1988 
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Midway Landfill RI — City of Seattle 

Benzene Toluene 

o-Xylene m-Xylene 

H,C-CH, HC = CH, 

Ethylbenzene Styrene 

H H 
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H - C = C - C l 

Vinyl Chloride 

Figure 5-1. 
Chemical Structures of Selected Compounds Detected 
in On-Site and Off-Site Subsurface Gas Samples Collected 
for the Midway Landfill Remedial Investigation 

37 



accepted term for chemical structures formerly termed -"ethylene". eg., 
trichloroethene = trichloroethvlene.) 

Other USEPA HSL VOC target compounds present in both on- and off-site 
subsurface gas samples included: 

0 Chlorobenzene 
0 Tetrachloroethene 
0 Methylene chloride* 
o Tetrahydrofuran 
o Trichlorofluoromethane 
o Chloroethane 
o Acetone 
0 2-Butanone 
o Trichlorotrifluoroethane 
o 1,1-Dichloroethene 

The results for the compounds listed above should be interpreted cautiously 
because several (asterisked items) are known laboratory contaminants (see 
Section 5.1.2). In general, the compounds in this list were found less 
frequently and in lower concentrations than BTX-group compounds and vinyl 
chloride. As discussed in Section 5.5.2, maps of the geographic distribu
tions of these contaminants show less of a clear-cut pattern than the BTX-
group compounds and vinyl chloride. 

5.1.1.2. Compounds reported present on-site only, off-site only; 
compounds reported as non-detected 

The remaining compounds listed in Table 5-1 were reported as follows: 

o Seven HSL VOCs were reported present on-site only. 

o Three HSL VOCs were reported present off-site only. 

0 Twelve of the HSL VOC target compounds were undetected in any of 
the gas samples collected by Parametrix for the remedial investiga
tion. 

The compounds reported as present on-site only were found at fewer of the on-
site gas extraction wells than the BTX-group compounds. 

Interpretation of the results for the compounds found off-site only is 
difficult when based solely on the gas characterization data. Data on their 
occurrence in leachate, groundwater, or other environmental media or other 
information that points to potential off-site sources of subsurface gas 
contaminants might help in interpreting these results. Integration and 
interpretation of patterns of contaminant distribution in various segments of 
the environment are included in the Midway Landfill Remedial Investigation 
Summary Report (Parametrix, 1988). 

City of Seattle - Midway LF RI 38 March 23, 1988 



5.1.2. QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) CONSIDERATIONS 

5.1.2.1. Evaluation of potential sources of sample contamination 

Interpretation of results for some of the target compounds is quite difficult 
because several are known to be common laboratory contaminants. According to 
the Quality Assurance/Quality Control (QA/QC) Plan followed by Analytical 
Technologies, "Ten (10) times the amount in the blank had to be in the 
samples for there to be reasonable confidence that the compounds were present 
in the original samples," except for compounds that would be expected to be 
found together, such as benzene, toluene, and the xylenes. Data were 
rejected if the QA/QC criteria were not met, and the symbol "R" is sub
stituted for the rejected lab result in data summary tables (see Tables 5-2 
and 5-3). 

Results for the following compounds should be interpreted particularly 
cautiously because of the high frequency of non-reportable data (see Tables 
5-2 and 5-3) resulting from the presence of these compounds in laboratory 
blanks: 

0 Chloroform 
o Methylene chloride 
0 1,1,1-Trichloroethane 
o Acetone 
o 2-Butanone 
0 Carbon disulfide 
o Tetrahydrofuran 
0 Trichlorofluoromethane 
o Trichlorotrifluoroethane 

Laboratory data from Parametrix' sampling activities for the remedial 
investigation have undergone extensive Quality Assurance/Quality Control 
(QA/QC) review. The detailed QA/QC reviews evaluated whether observed 
concentrations of these compounds in a given sample were more likely to have 
resulted from laboratory contamination or from the actual presence of the 
compound in the sample. 

Compounds other than those listed above were occasionally reported present at 
low concentrations in lab blanks, including benzene, toluene, total xylenes, 
and ethylbenzene. These occurrences are considered much less problematic, 
except in the rare instances where observed field sample concentrations were 
also very low and close to the concentrations seen in the lab blanks. 

5.1.2.2. Blank-correction of raw laboratory data 

It should be noted that concentrations reported in Tables 5-1, 5-2, and 5-3 
have deliberately not been blank-corrected. By reporting non-blank-corrected' 
data, the analysis examines the highest plausible concentrations present in 
the samples, i.e., provides a conservatively high estimate of the sample 
concentration. As described previously, only four target compounds (benzene, 
toluene, total xylenes, and ethylbenzene) were subject to blank correction. 
The effects of blank correction on all the affected on-site and off-site 
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subsurface gas samples shown in Tables 5-2 and 5-3 are shown in Tables 5-4 
and 5-5. 

As demonstrated in Tables 5-4 and 5-5, blank correction did not substantially 
affect the overall sampling results for the remedial investigation data. 
Although values for specific compounds in certain samples decreased by 
factors ranging from OX to 90% as the result of blank-correction, average 
decreases in reported concentration across samples for a given compound that 
resulted from blank-correction were in the range of 0.01% to 14%. In 
general, the largest percentage decreases were observed for samples with raw 
lab values close to the limits of detection. Differences related to the use 
of non-blank-corrected versus blank-corrected data clearly do not affect the 
general conclusions drawn in this Technical Memorandum. It should be 
recognized, however, that there is a purely quantitative distinction between 
those compounds for which lab blank concentrations are sufficiently low that 
blank correction is methodologically acceptable and those compounds for which 
lab blank values are sufficiently high as to lead to the conclusion that the 
data for them for specific samples should be rejected as highly suspect. 

5.1.2.3. Replicate sample results 

Evaluation of the agreement between replicate samples indicated that for 
certain analyses, results varied by as much as 200%. This finding highlights 
the fact that although analytical methods used were highly sensitive (i.e., 
achieved relatively low detection limits), the repeatability of field 
sampling results was somewhat lower than ideal. One probable source of 
variability is related to the fact that replicate samples (i.e., successive 
samples at a given probe or well completion) were collected, rather than 
duplicate or "split" (i.e., one thoroughly-mixed sample divided into two or 
more subsamples, to be analyzed independently) samples. One possible 
approach toward achieving true duplicate analyses would have been to collect 
larger field samples and then have had the laboratory analyze several 
aliquots from each sample. Replicate samples are generally used to evaluate 
the degree of variability inherent in the sample collection method (i.e., the 
extent to which results for two or more independent samples from one sampling 
point coincide). Duplicate samples are used to evaluate the degree of varia
bility associated with laboratory analytical methods (the extent to which 
results for subsamples of a single, presumably homogeneous, sample coincide; 
the extent Co which analytical results coincide for subsamples sent to 
different laboratories). Replicate samples are generally expected to result 
in a higher degree of variability than true duplicate samples due to various 
factors that reduce the probability of drawing identical samples in succes
sion (e.g., effects related to purging, effects related to heterogeneity of 
the materials being sampled). 

5.1.3. MAXIMUM AND ARITHMETIC MEAN CONCENTRATIONS IN ON-SITE SUBSURFACE GAS 

The maximum detected on-site concentration for any USEPA HSL VOC was 31,215 
ppb (31 ppm) for vinyl chloride (Tables 5-1 and 5-2). This result was seen 
in a single sample taken from an on-site gas extraction well that had a 
relatively low gas flow rate (well 44D-0) and probably represents an artifi
cially high finding because of the low flow rate and greater opportunity for 
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Table 5-5. Effects of blank-conrection on an affected off-site subsurface gas samples shown in 
Table 5-3. 

! • 
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ex 

8 
8 

OX 

-

-14X 

-IX 

-SX 

1330-20-7 Xylenes (Total) 
Lab Value 
Blank-Corrected Value 

^ Percentaoe Dianoe 

37 
12 
, 5 

M> 
M) 

R 
R 

106 
99 

ND 
W) 

16 
16 

11 
11 

R 
R 

ND 
ND 

25 61 E 16 77 24 26 E 14 48 
18 59 11 77 24 24 14 48 

-6ex OX OX OX OX OX OX -28X -3X -39X ex ex -«x ex 

R 
R 

R 
R 

R 
R 

R 
R 

ND 
M) 

M) 
») 

9 
9 

20 
20 

17 
17 

24 
24 

ex ex ex ex ex ex ox ox ex -5X 

M) s Not Detected (detection liaits vary by coapound and as a function of aatrix interferences). 
R B Rejected data value: Qft/I£ review indicated saaole results not sufficiently higher than lab blank to report value. 
ND and R values assuaed to have a nuaerical value equal to zero for purposes of statistical coaputations. 
(data value) E » Estiaated data value; estiaate based on cryogenic systea blank froa date other than saaole analysis date due to lab's loss of blank data file. 
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Table 5-4. Effects of blank-correction on all affected or>-site subsurface gas samples shown in 
Table 5-2. 

! • 

USEPA 
Hazardous Substances L i s t 
V o l a t i l e Organic Coapoond 

CAS 1 (USEPA HSL VOC>« 

71-43-2 Benzene 
Lab Value 
Blank-Corrected Value 

Percentage Change„ 

106-48-3 Toluene 

Lab Value 
Blank-Corrected Value 

HSL 
VOC 

t 

3 

-

25 

4-0 

102 
40 

-61X 

235 
230 

12-0 

381 E 
338 

-IIX 

125E 
125E 

16-0 

ND 
ND 

ex 

ND 
W 

21-0 

861 
849 

-IX 

1,043 
1,043 

24-0 

77 
15 

-BOX 

70 
65 

ON-SITE GR6 EnRRCnCM NELL COMilEnmS SnOLED 

(N> 

25-0 

461 
399 

-14X 

784 
691 

No. of Saapliiq Rounds 
14 ae l l coapletions 

( t l 
33-0 

707 
707 

ex 

ND 
ND 

02 
33-0 

ND 
ND 

ex 

» 
ND 

» 1 

; t o t a l of 16 smolts) 

( ^ ) 
33-0 

ND 
M) 

ex 

ND 
ND 

34-0 36IH) 

1,384 400 
1,384 391 

ex -2X 

417 2,105 
417 2,105 

41D-0 

R 
R 

OX 

1,961 
1,961 

44D-0 

640 
578 

- l e x 

24,044 

24,039 

PABD-0 

74 
65 

-12X 

22 
22 

n)6D-0 

ND 
ND 

ex 

» 
ND 

PD12D-0 

R 
R 

ex 

R 
R 

Average X 
D i f f e rence 

Betaeen 
Lab t Blank 

Corrected 

Values 

- 1 2 . OX 

Percentage Change -2X -«X ex -o.e2x -«.7X 

1330-20-7 Kylews (Total) 
Lab Value 
Blank-Corrected Value 

Percentaoe Change 

37 
611 
611 

1,417 E 
1,415 E 

ex -0.12X 

10 
2,965 
2,965 

104 
104 

1,743 
1,743 

4,323 
4,323 

7 
7 

M) 
ND 

ND 11,090 3,166 29,195 72 ND 11 
ND 11 ,090 3 , 1 6 8 2 9 , 1 9 5 72 ND 11 

OX ex ex ex ex ox -e.eix 

ND - Not Detected (detection liaits vary by coapound and as a function of aatrix interferences). 
R s Rejected data value; OA/K reviea indicated saaole results not sufficiently higher tnan lab blank to report value. 
ND and R values assuaed to have a nuaerical value equal to zero for purposes of statistical coaputations. 
(data value) E s Estiaated data value; estiaate based on cryogenic systea blank froa date other than sa^ile analysis date due to lab* s loss of blank data file. 
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contaminant accumulation in the relatively small volume of gas (see discus
sion below in Section 5.2.1). The maximum detected on-site concentrations 
for other compounds (Tables 5-1 and 5-2) included: total xylenes (29 ppm), 
toluene (24 ppm), and ethylbenzene (17 ppm). The maximum on-site concentra
tions for all other HSL VOCs were below 3 ppm. The maximum observed con
centrations for compounds reported solely on-site (Table 5-1) were all below 
1 ppm. Arithmetic mean on-site concentrations for ethylbenzene, vinyl 
chloride, total xylenes, and toluene were in the range of 2 to 4 ppm. 
Arithmetic mean concentrations for all other HSL VOCs detected on-site were 
below 0.4 ppm. Other studies of on-site Midway Landfill subsurface gas 
reported similar results. 

5.1.4. MAXIMUM AND ARITHMETIC MEAN CONCENTRATIONS IN OFF-SITE SUBSURFACE GAS 

The maximum detected off-site concentration of any USEPA HSL VOC was ap
proximately 40,000 ppb (40 ppm) for acetone in a single, off-site sample (see 
Tables 5-1 and 5-3). A value this high is difficult to reject as due to 
laboratory contamination and may reflect an acetone "hot spot" at this 
location. However, the second sample value for acetone at probe J-D (Appen
dix A) was rejected as being insufficiently elevated over the lab blank to 
allow reporting. The second-highest concentration value for acetone was 
4,716 ppb (less than 5 ppm) found in another off-site sample (probe T-S); 
this concentration is almost an order of magnitude lower than the peak value 
(however, the result from the second sampling round at probe T-S was rejected 
during the QA/QC review process). The maximum off-site concentrations for 
all other HSL VOCs were below 3 ppm (Table 5-3). Vith the exception of 
acetone (arithmetic mean off-site concentration = 1.7 ppm), the arithmetic 
mean concentrations for all of f-site HSL VOCs were below 0.2 ppm. Other 
related studies conducted outside the scope of the remedial investigation 
found somewhat higher concentrations of contaminants present in gas samples 
collected from off-site gas control wells. 

5.2. CHEMICAL COMPOSITION OF ON-SITE EXTRACTION WELL GAS 

Detailed results of Parametrix' on-site subsurface gas sampling program are 
summarized in Table 5-2. These data confirmed the findings of previous 
studies that indicated the presence of numerous volatile organic compounds at 
or below the parts-per-million level in on-site subsurface gas. The USEPA 
HSL VOCs reported in the highest concentrations in on-site subsurface gas 
included: 

o Vinyl chloride (31,215 ppb = 31 ppm) 
o Total Xylenes (29,195 ppb = 29 ppm) 
o Toluene (24,044 ppb = 24 ppm) 
o Ethylbenzene (16,610 ppb = 17 ppm) 

All the maximum contaminant concentrations for this group were from well 44D-
0, which operated at a relatively low gas flow rate, as discussed earlier. 
The maximum on-site concentrations for all other HSL VOCs were below 3 ppm. 
Benzene was reported present at a maximum on-site subsurface gas concentra
tion of approximately 1.4 ppm. Maximum concentrations of methylene chloride 
(3 ppm) and tetrahydrofuran (2 ppm) are suspect due to the high frequency 
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with which these compounds were reported in laboratory blanks. Arithmetic 
mean on-site concentrations for ethylbenzene, vinyl chloride, total xylenes, 
and toluene were in the range of 2 to 4 ppm. Arithmetic mean concentrations 
for all other HSL VOCs detected on-site were below 0.4 ppm, generally in the 
low parts-per-billion range near the detection limits for these compounds. 

The fact that all the peak concentrations that exceeded 10 ppm were from one 
on-site gas extraction well (44D-0; see Figure 3-1) led to closer examination 
of the characteristics of gas extraction well 44D-0. 

On-site gas extraction well 44D-0 was observed to have higher subsurface gas 
concentrations of several HSL VOCs than other on-site sampling points. Of 
the 23 HSL VOCs detected collectively in on-site subsurface gas, the maximum 
reported concentrations for 13 compounds were observed at well 44D-0 (see 
Table 5-2). These thirteen compounds included: 

0 Chlorobenzene 
0 1,1-Dichloroethane 
o 1,2-Dichloroethane 
o 1,1-Dichloroethene 
0 trans-1,2-Dichloroethene 
o cis-1,3-Dichoropropene 
o Ethylbenzene 
0 Toluene 
0 Trichloroethene 
.o Vinyl chloride 
o Styrene 
o Vinyl acetate 
o Xylenes (total) 

One possible explanation for these results is that on-site gas extraction 
well 44D-0 had a relatively low. gas flow rate, approximately 6 ft-̂ /min 
("equilibrium flow"), at the time of sampling. Other gas extraction wells 
were operated at much higher flow rates at the time of the on-site subsurface 
gas sampling activities conducted for the remedial investigation. Therefore, 
the relatively higher on-site HSL VOCs concentrations at well 44D-0 may have 
resulted from the increased opportunity for gas contaminants to accumulate in 
the relatively smaller, slower-moving volume of gas. 

Because the total landfill gas production at well 44D-0 was low relative to 
other on-site gas extraction wells, concentrations of HSL VOCs at selected 
on-site gas extraction wells were adjusted for gas flow rate to examine the 
effect of flow rate on estimated contaminant Mass Emission Rates (MERs), 
expressed in units of grams per day (g/day). Calculations for MERs are based 
on the following equation: 

Mass Emission Rate = Sample Concentration x Gas Extraction 
(mass/time) (mass/volume) Uell Flow Rate 

(volume/time) 

Estimated MERs at selected gas extraction wells are shown in Table 5-6. As 
would be expected, a well with relatively higher concentrations of a given 
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compound in subsurface gas will be likely to have relatively higher mass 
emission of that compound when compared with other wells (eg., compare the 
results for total xylenes in Table 5-6 for wells 33-0 and 44D-0). 

However, because MER is the product of sample concentration multiplied bv gas 
extraction well flow rate, it may be seen that a well with relatively higher 
gas flow rate (eg., well 33-0, 28 ft-^/min) may have a higher MER than a well 
with relatively lower gas flow rate (eg., well 44D-0, 6 ft-^/min) despite 
having a relatively lower gas concentration of a given compound. For 
example, compare the MERs at wells 33-0 and 44D-0 for ethylbenzene and vinyl 
chloride. Table 5-6. In this case, the differences in gas extraction well 
flow rates are great enough to offset the differences in contaminant con
centrations. 

It should be noted that the extraction well gas flow rate is not necessarily 
directly related to methane concentration. Subsurface landfill gas may also 
contain substantial percentages of carbon dioxide, nitrogen, and oxygen. The 
relative proportions of these constituents in subsurface landfill gas depends 
largely on the operational status of the on-site gas control system, on the 
balance of anaerobic to aerobic biodegradation of landfilled waste, and on 
the magnitude of unavoidable ambient air intrusion through subsurface 
geologic conduits or through landfill cover materials. Therefore, MERs are 
most appropriately evaluated on the basis of total gas flow rate at a given 
gas extraction well rather than on the basis of methane production or 
concentration. 

These preliminary comparisons suggest that both gas flow rate and contaminant 
concentration are important factors that must be considered in using mass 
emission rates to identify the location of subsurface "hot spots," that is, 
areas of relatively higher contaminant concentration or total contaminant 
mass within the landfill. 

5.3. CHEMICAL COMPOSITION OF PRE-COMBUSTION FLARE GAS 

Data on the chemical composition of on-site gas from the flare manifold 
inlets are available from several studies (see Table 4-1). TRC's results for 
pre-combustion flare gas composition are compared with results obtained 
during the other investigations listed in Table 4-1. In general, results of 
pre-combustion flare gas sampling closely approximated the mean contaminant 
concentrations observed across samples collected from individual on-site gas 
extraction wells. Results are discussed in more detail below. 

5.3.1. TRC ENVIRONMENTAL CONSULTANTS FLARE SAMPLING RESULTS 

The results of TRC's pre- and post-combustion flare sampling activities are 
contained in Section 4.3 and Appendix C of the Midway Landfill Air Quality 
Technical Report (Parametrix, 1988). Those portions of TRC's results that 
pertain to characterization of the pre-combustion flare gas composition are 
also summarized here. 

Concentrations of USEPA HSL VOCs in pre-combustion flare gases sampled by TRC 
are shown in Table 5-7. 
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Table 5-6. Estimated Mass Emission Rates (MERs) for USEPA Hazardous Substances Ust 
Vblatile Organic Compounds (HSL VOCs) from Selected Midway Landfill on-site gas 
extraction wells. 

! • 

S S S S S S S B S B B S S : 

CAS # 

71-43-2 
75-27-4 
74-83-9 
75-25-2 
56-23-5 
ioe-90-7 
75-00-3 
110-75-e 
67-66-3 
74-S7-3 
124-48-1 
75-34-3 
107-06-2 
75-35-4 
156-60-5 
78-87-5 

10061-01-5 
10061-02-6 

100-41-4 
75-09-2 
79-34-5 
127-18-4 
108-88-3 
71-55-6 
79-00-5 
79-01-6 
75-01-4 
67-64-1 
78-93-3 
75-15-0 
591-78-6 
108-10-1 
100-42-5 
108-05-4 
1330-20-7 
109-99-9 
75-69-4 
76-13-1 

E e 3 C S S S « S S C K S S e S = S 8 S C S S S B « S K S S S e S S « B S C « S S W C S C S S C 

USEPA 
Hazardous Substancas List 
Volatile Organic Coapound 

(HSL VOC) 

benzene 
broaodichloroaethane 
broaoaethane 
broaofora 
carbon tetrachloride 
chlorobenzene 
chloroethane 
2-chloroethylvinyl ether 
chlorofora 
chloroaethane 
dibroaochloroaethane 
1,1-dichloroethane 
1,2-dichioroethane 
1,1-dichloroethene 
trans-1,2-dichloroethene 
1,2-dichloropropane 
cis-1,3-dichloropropene 
trans-l,3-dichloropropene 
ethylbenzene 
aethylene chloride 
1,1,2,2-tetrachloroethane 
tetrachloroethene (PCE) 
toluene 
1,1,1-trichloroethane 
1,1,2-trichloroethane 
trichloroethene (TCE) 
vinyl chloride 
acetone 
2-butanone (NEK) 
carbon disulfide 
2-hexanone (MNBK) 
4-aethyl-2-pentanone (MIBK) 
styrene 
vinyl acetate 
xylenes (total) 
tetrahydrofuran 
tri chlorof1uoroaethane 
trichlorotrifluoroethane 

(u9/a3) 

330 
0 
0 
0 
0 

240 
40 
0 
0 
0 
0 

50 
0 
0 
0 
0 
0 
0 

10,900 
0 
0 

45 
900 
0 
0 
0 
55 
0 
0 
0 
0 
0 

200 
200 

2,700 
0 
0 
0 

4-0 
3 

cfa 

(ppb) 

102 
0 
0 
0 
0 

51 
15 
0 
C 
0 
0 
12 
0 
0 
0 
0 
0 
0 

2,467 
0 
0 
7 

235 
0 
0 
0 
21 
0 
0 
0 
0 
0 
46 
56 
611 

0 
0 
0 

(1) 

HER 
(g/day) 

0.040 
0.000 
0.000 
0.000 
0.000 
0.029 
0.005 
0.000 
0.000 
0.000 
0.000 
0.006 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
1.333 
0.000 
0.000 
0.006 
0.110 
0.000 
0.000 
0.000 
0.007 
0.000 
0.000 
0.000 
0.000 
0.000 
0.024 
0.024 
0.330 
0.000 
0.000 
0.000 

B B S B B S S S B B B S B B B B S : 

(u9/a3) 

2,300 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

24,500 
0 
0 
0 
0 
0 
0 
0 

22,000 
0 
0 
0 
0 
0 
0 
0 

19,100 
0 
0 
0 

33-0 
28 
cfa 

(ppb) 

707 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

5,544 
0 
0 
0 
0 
0 
0 
0 

8,457 
0 
0 
0 
0 
0 
0 
0 

4,323 
0 
0 
0 

C2) 

MER 
(g/day) 

2.626 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
27.972 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
25.118 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

21.807 
0.000 
0.000 
0.000 

SBB«a 

(ug/a3) 

2,080 

1. 

3 

73 

92 

81 

2 
1 

129 

, 

0 
0 
0 
0 

210 
0 
0 
0 
0 
0 

,080 
520 
450 
320 
0 
70 
0 

,400 
0 
0 

390 
,200 

0 
0 

530 
,200 

0 
0 
0 
0 
0 

,200 
,730 
,000 

0 
0 
0 

EBSSBSBSB: 

< 
44D-0 

6 
cfa 

(ppb) 

640 
0 
0 
0 
0 

256 
0 
0 
0 
0 
0 

748 
126 
112 
79 
0 
15 
O 

16,610 
O 
0 

57 
24,044 

0 
0 

97 
31,215 

b 
0 
0 
0 
0 

508 
483 

29,195 

6 
0 
0 

S B S B S S S B S 

:3) 

MER 
(g/day) 

0.509 
0.000 
0.000 
0.000 
0.000 
0.296 
0.000 
0.000 
0.000 
0.000 
0.000 
0.754 
0.127 
0.110 
0.078 
0.000 
0.017 
0.000 
17.958 
0.000 
0.000 
0.095 

22.557 
0.000 
0.0(K> 
0.130 
19.866 
0.000 
0.000 
0.000 
0.000 
0.000 
0.538 
0.423 
31.561 
0.000 
0.000 
0.000 

r s B s s r s s s s s B s a s s s s s s i S S C B B B S S B B B S B S S B B B B S B B S S B S B S B S S B B S S B B B B B a B S S B B B B B B B B B B B S S B B S 

Mass Eaission Rate (MER, aass/tiae) - saaple concentration (aass/saaple voluae) x gas extraction well flow rate (voluae/tiae)< 
(1) On-site gas extraction «*ell 4-0 considered to have "aediua" HSL VOCs concentrations, "low" flow (3 cfa). 
(2) On-site gas extraction well 33-0 considered to have "high" HSL VOGs concentrations, "aediua" flow (28 cfa). 
(3) On-site gas extraction well 44D-0 considered to have "high" HSL VOCs concentrations, "low" flow (6 cfa). 
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Table 5-7. Concentrations of Selected Target USEPA HSL VOCs in 
Pre-Combustion Flare Gas Samples Collected by TRC, 
June, 1987 

Compounds North Flare foobV) 

Vinyl Chloride 1056 
Trichlorofluoromethane* bdl 
1,1-dichloroethane bdl 
1,1-dichloroethene bdl 
1,1,2-Trichloro-1,2,2-Trifluoroethane* bdl 
1,1,1-Trichloroethane bdl 
Trichloroethene bdl 
Benzene 716 
Toluene 6579 
Ethylbenzene 5749 
Xylenes (total) 22489 

Notes: bdl - below detection limits of 0.002 ug (0 
ppbV - parts per billion by volume. 

008 -

South Flare 

197 
56 
340 
1004 
451 
60 
683 
944 
2508 
1356 
3924 

1.00 ppbV). 

(DObV) 

* Compound not included on USEPA Hazardous Substances List; results for this 
compound were routinely provided by Research Triangle Laboratory. 
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These results are consistent with Parametrix' sampling data for gas from on-
site gas extraction wells with respect to the following: 

0 USEPA HSL VOCs found in the highest concentrations in pre-
combustion flare gas included BTX-type compounds and vinyl 
chloride; maximum concentrations for these compounds were in the 
range of about 1 to 22.5 ppm (22.5 ppm = total xylenes). 

0 Other USEPA HSL VOCs, such as chlorinated ethanes and ethenes, were 
present at concentrations at or below 1 ppm. 

Other results of TRC's sampling of pre-combustion flare gases include the 
following: 

0 Hydrogen sulfide concentrations ranged from an average of 17 ppm at 
the South Flare inlet to an average of 26 ppm at the North Flare 
inlet. 

0 Hydrogen cyanide concentrations for all samples were below the 
detection limit of 0.4 ppm by volume. 

0 Hydrogen chloride concentrations were below average detection 
limits of approximately 15 ppm by volume. (The detection limits 
for hydrogen chloride were somewhat higher than anticipated due to 
the presence of substances that interfered with the ion chromatog
raphy analysis.) 

0 Methane [combustible gas] concentrations ranged from 26 to 32% by 
volume. 

0 Carbon dioxide (CO2) concentrations ranged from 26 to 29.5% by 
volume. 

0 Oxygen (O2) concentrations ranged from 3.0 to 3.3% by volume. 

o Gas moisture (H2O) content was 4.0% at both flare inlets. 

0 Carbon monoxide (CO) concentrations were less than 2 ppm by volume. 

5.3.2. COMPARISON WITH OTHER STUDIES 

5.3.2.1. Parametrix pre-combustion flare gas sampling results 
during studies outside the scope of the RI 

Prior to the start of remedial investigation activities, Parametrix had 
collected Tedlar bag samples of pre-combustion flare gas from the two 
temporary flares. Samples were collected on 06/18/86 and shipped to Analyti
cal Technologies for analysis for USEPA HSL VOCs by gas chromatography/mass 
spectrometry. The results of these analyses (available for review at the 
Midway Landfill Data Repositories as Gas Analysis Data, 8 volumes) were 
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similar to TRC's flare sampling results for the remedial investigation in the 
following respects: 

o USEPA HSL VOCs were present at or below the low parts-per-million 
range. The highest concentration for any compound was approximate
ly 15 ppm of ethylbenzene; total xylenes were present in concentra
tions up to 12 ppm. 

o Vinyl chloride, benzene, and toluene were present in the range of 
roughly 1 to 4 ppm. 

o Additional USEPA HSL VOCs were either present at concentrations 
below 1 ppm or were below the detection limits. 

Sampling for hydrogen sulfide and hydrogen cyanide in pre-combustion flare 
gas was conducted outside the scope of the remedial investigation by Paramet
rix on 11/19/86 in order to determine potential health and safety hazards to 
on-site workers. Hydrogen sulfide concentrations ranged from 50 to 65 ppm, 
as measured using Sensidyne (Draeger-type) direct-reading colorimetric tubes. 
These results were somewhat higher than those obtained in June 1987 by TRC. 

Because it was suspected that the hydrogen cyanide (HCN) concentrations that 
were measured using direct-reading colorimetric tubes would be subject to 
interferences from hydrogen sulfide, HCN was measured using two different 
methods: 1) the Sensidyne tube method and 2) a laboratory method in which 
samples were collected by bubbling the gas through a reagent in a glass 
impinger bottle. Results of the two methods were compared. Two midget 
impinger samples (replicates) were collected from the North Flare inlet and 
analyzed by Analytical Technologies using ion specific electrode techniques. 

HCN concentrations measured by Parametrix using the impinger method were 
below the detection limit of 0.04 ug/m-̂  (for HCN, this is equivalent to 0.04 
ppm). Results for a spiked QA/QC sample demonstrated 100% sample recovery. 
These results are consistent with TRC's impinger sampling results that 
indicate the absence of hydrogen cyanide. (Note that the impinger method is 
not sensitive to the presence of hydrogen sulfide as an interferant.) In 
contrast, each of two Sensidyne tube measurements made by Parametrix appeared 
to indicate 15 ppm of HCN. The technical data sheet for Sensidyne tube No. 
12L (hydrogen cyanide low-range tube) states that hydrogen sulfide concentra
tions greater than 5 ppm produce a stain similar to that produced by HCN. 
This observation, along with the impinger results, confirmed previous suspi
cions that the direct-reading tubes were in fact giving false positive 
readings due to the presence of interferants, presumably the known concentra
tions of hydrogen sulfide. 

5.3.2.2. Black & Veatch pre-combustion flare gas sampling results 

Results of pre-combustion flare gas sampling conducted by Black & Veatch for 
the Department of Ecology are presented in Appendix E-2. Pre-combustion 
flare sampling results obtained by Black & Veatch were generally consistent 
with the types of compounds and concentrations seen in the other studies of 
pre-combustion flare gas composition. However, these results differ from 
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other sampling results in that xylenes were not reported present in samples 
collected by Black & Veatch on 05/01/86. 

5.3.2.3. Farr, Friedman & Bruya pre-combustion flare gas sampling 
results 

Results of the flare sampling activities conducted by Farr, Friedman & Bruya 
(FFB) during March 1987 are presented in Appendix E-3. FFB's flare sampling 
results are of somewhat limited value for purposes of comparison with the 
previously described studies because their sampling and cuialytical methods 
resulted in higher detection limits for most of the compounds of interest. 

Volatile organic compounds detected in the flare feed (inlet) gas in the FFB 
study (Appendix E-3) included 1,1-dichloroethene (0.05 ppm), trichloroethene 
(0.08 ppm), and 1,1,2,2-tetrachloroethene (0.1 ppm). Vinyl chloride was not 
detected in the pre-combustion flare gas; however, the detection limit of 1 
ppm for vinyl chloride in the FFB sampling program was much higher than 
detection limits achieved for this compound in other studies. The maximum 
concentration for any compound detected in the pre-combustion flare gas in 
the FFB study was 0.1 ppm for 1,1,2,2-tetrachloroethene at both the North and 
South flare feed lines. 

Farr, Friedman & Bruya, under subcontract to Parametrix, also conducted 
methane/ethane/propane analyses of pre-combustion flare gas and selected 
samples from off-site gas monitoring probes (Appendix E-3). These studies 
attempted to differentiate Midway Landfill on-site gas from utility natural 
gas supplied by the Washington Natural Gas Company, based on analysis of the 
ethane/methane and propane/methane ratios in the gas samples. Major findings 
of this study included: 

0 Data regarding the composition of Washington Natural Gas Company's 
gas supplies are discussed in a letter from FFB to Parametrix dated 
04/20/87 (see Appendix E-3). 

0 Pre-combustion flare gas had ([ethane/methane] X 100) ratios on the 
order of 0.005 to 0.018. 

o Pre-combustion flare gas had ([propane/methane] X 100) ratios of 
less than 0.01. 

0 Subsurface gas samples from several off-site gas monitoring probes 
and off-site gas control wells closely matched the above figures 
for precombustion flare gas. 

o Subsurface gas samples from off-site gas monitoring probe comple
tions 45-S, 45-M, and 45-D had ethane/methane ratios from 30 to 260 
times greater than those for pre-combustion flare gas and propane/-
methane ratios up to 77 times those for pre-combustion flare gas. 
These results were interpreted as indicating the presence of 
utility gas that could be attributed to a leaking natural gas main. 
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Overall, the results of the ethane/methane and propane/methane ratio studies 
indicate that measurement of these parameters may be useful in distinguishing 
subsurface gas from the Midway Landfill from subsurface gas originating from 
Washington Natural Gas Company utility lines. 

5.4. CHEMICAL COMPOSITION OF SUBSURPAC:E GAS FROM OFF-SITE CIAS MONITORING 
PROBES AND OFF-SITE GAS CONTROL WELLS 

5.4.1. PARAMETRIX OFF-SITE SUBSURFACE GAS SAMPLING RESULTS 

5.4.1.1. Parametrix off-site subsurface gas sampling results for 
the remedial investigation studies 

The results of Parametrix' off-site subsurface gas sampling program for the 
remedial investigation are summarized in Table 5-3. These data confirmed the 
findings of previous studies indicating the presence of numerous volatile 
organic compounds at or below the parts-per-million level in off-site 
subsurface gas. 

The USEPA HSL VOCs found most frequently in off-site subsurface gas are 
listed below; numbers in parentheses are the percentage of off-site gas 
monitoring probe completions in which the compound was reported: 

o Ethylbenzene (92%) 
o Toluene (83%) 
0 Total Xylenes (75%) 
0 Benzene (67%) 
0 Styrene (50%) 
0 1,1,1-Trichloroethane (50%) 

The compound 1,1,l-trichloroethane was reported present at 50% of the off-
site gas monitoring probes sampled but was not found for any of the on-site 
gas extraction wells sampled by Parametrix during the remedial investigation. 
Other compounds listed in Table 5-3 were found in less than 50% of the off-
site gas monitoring probe completions sampled. 

Maximum concentrations of the HSL VOCs reported in off-site subsurface gas 
included:'; 

I 
o Acetone (40,002 ppb = 40 ppm) 
0 Trichlorotrifluoroethane (3,000 ppb [estimated] = 3 ppm) 
0 Methylene chloride (2,489 ppb [estimated] = 2.5 ppm) 
0 Chloroethane (1,192 ppb =1.2 ppm) 

The maximum off-site concentrations for all other HSL VOCs were below 1 ppm. 
The second-highest concentration value for acetone was 4,716 ppb (less than 
5 ppm) found in another off-site sample; this second-highest concentration is 
almost an order of magnitude lower than the peak value. With the exception 
of acetone (arithmetic mean off-site concentration = 1.7 ppm), the arithmetic 
mean concentrations for all other off-site HSL VOCs were below 0.2 ppm. 
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It should be emphasized that of the four compounds listed above, results for 
the first three (acetone, trichlorotrifluoroethane and methylene chloride) 
are suspect due to the high frequency with which these compounds were 
reported present in laboratory blanks. The fourth compound, chloroethane, 
was reported in only one sample at of f-site gas probe J-D during the first 
round of sampling. Chloroethane was not detected elsewhere, including at 
probe J-D during the second round of sampling. 

5.4.1.2. Parametrix' off-site subsurface gas sampling results from 
studies performed outside scope of the remedial inves
tigation 

Results of Tedlar bag samples collected by Parametrix February-April 1986 
from off-site gas control wells C-l through C-5 indicated the presence of the 
following compounds: 

0 Vinyl chloride 
o Chloroethane 
0 Methylene chloride 
o Acetone 
o Carbon disulfide 
o 1,2-Dichloroethane 
o 2-Butanone 
o 1,1,1-Trichloroethane 
o Carbon tetrachloride 
o 1,1,2,2-Tetrachloroethane 
o 2-Hexanone 
o Tetrachloroethene 
0 Toluene 
o Chlorobenzene 
o Ethylbenzene 
o Styrene 
o Total Xylenes 

The maximum concentrations of these compounds were all below 1 ppm. It 
should be noted that the sampling and analysis program that generated these 
data was not subjected to the more stringent Quality Assurance/Quality 
Control provisions required for the Midway Landfill Remedial Investigation. 
However, the results appear to be generally similar to the results obtained 
during the remedial investigation; it is interesting to note that benzene was 
not detected in subsurface gas collected from off-site gas control wells 
during this sampling activity, whereas it was detected at off-site gas 
monitoring probes during remedial investigation sampling. 

5.4.2. COMPARISON WITH OTHER STUDIES 

5.4.2.1. Black & Veatch off-site subsurface gas sampling results 

Results of off-site subsurface gas samples collected by Black & Veatch for 
the Department of Ecology are presented in Appendix E-2. In general, these 
data indicated the presence of several USEPA HSL VOCs at levels well below 1 
ppm, typically in the low parts-per-billion range (near the limits of 
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detection for these compounds). In general, the compounds reported present 
were similar to those found by Parametrix during the remedial investigation 
sampling and analysis program. 

5.4.2.2. Farr, Friedman & Bruya off-site subsurface gas sampling 
results 

Parametrix retained Farr, Friedman & Bruya (FFB) to collect and analyze 
saunples of gas from off-site gas monitoring probes and off-site gas control 
wells. Sampling results were reported in a letter to Parametrix from FFB, 
dated May 6, 1987 (Appendix E-3). Numerous USEPA HSL VOCs were also detected 
in this study, generally well below 1 ppm. The findings of these studies 
included the following: 

0 Vinyl chloride was reported at concentrations of up to 3 ppm at 
off-site gas control well C-15 (inlet versus outlet not specified) 
and at the limit of detection (1 ppm) at off-site gas control wells 
C-3 (inlet versus outlet not specified), C-7 (inlet only), and C-9 
(inlet versus outlet not specified). 

o Toluene was reported at concentrations of up to 20 ppm at the 
outlet of the carbon filter drum at off-site gas control well C-7; 
lower concentrations were reported at off-site gas control wells C-
5 (0.6 ppm), C-12 (1 ppm), and E-1 (0.8 ppm). 

o Other BTX-group compounds detected included p-xylene (4 ppm) and 
ethylbenzene (2 ppm), found at the carbon filter inlet at off-site 
gas control well C-13. A footnote to the data sheets mentions that 
data for ethylbenzene were based on instrument response for 
toluene. 

0 Chlorinated solvents, including 1,1-dichloroethene, methylene 
chloride, 1,1,l-trichloroethane, carbon tetrachloride, trichloro
ethene, 1,1,2,2-tetrachloroethane, and 1,1,2,2-tetrachloroethene, 
were found at levels generally well below 1 ppm at numerous off-
site gas control wells (including inlet and outlet samples) and 
some off-site gas monitoring probes. 

These data should be interpreted with caution because analysis did not 
include mass spectrometric (MS) confirmation of the identity of compounds 
detected using gas chromatography (GC) and injection of analytical standards. 
Studies in which analyses were performed by gas chromatography/mass spectrom
etry are considered more reliable and generally achieve lower detection 
limits. 

5.5. MAPPING CONCENTRATIONS OP SELECTED SUBSURFACE GAS COMPONENTS 

The comparisons of on-site and off-site subsurface gas in Table 5-1 suggest 
that off-site migration of at least some of the on-site subsurface gas 
contaminants has occurred. Concentrations of selected gas components were 
plotted on base maps of the site and surrounding areas to help evaluate the 
association between on- and off-site contaminant distribution. The mapping 
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results support the conclusion that off-site migration of certain on-site 
subsurface gas contaminants appears to have occurred. Data suggesting off-
site contaminant migration are observed most consistently for the BTX com
pounds, notably benzene, toluene, total xylenes, ethylbenzene, and styrene. 
The results for these compounds further suggest that migration has potential
ly occurred in all directions away from the landfill; however, the pos
sibility exists that at some sampling locations the presence of the compounds 
may be due to off-site sources. 

Although some compounds were detected in off-site gas monitoring probes to 
the east, the remedial investigation data do not suggest extensive migration 
of gas contaminants in this direction. Several compounds were detected due 
east of the landfill at off-site gas probe M-M, the closest probe to the 
landfill in that direction. However, none of the compounds reported at probe 
M-M appear to have migrated as far east as probe 50-S. 

5.5.1. DISTRIBUTION OF SUMMED USEPA HAZARDOUS SUBSTANCES LIST 
VOLATILE ORGANIC COMPOUNDS (SUMMED HSL VOCs) 

For each sample shown in Tables 5-2 and 5-3, the concentrations of each of 
the compounds detected were summed' for that sample and the resulting sum 
plotted on a base map of the Midway Landfill area. The resulting geographic 
distribution of Summed HSL VOCs is shown in Figure 5-2. This map provides a 
rough first indication of the geographic distribution of "composite" con
centrations of subsurface gas contaminants in the vicinity of Midway Land
fill. The concentration values presented in Figure 5-2 must be interpreted 
cautiously due to Quality Assurance/Quality Control considerations described 
in greater detail below. 

It may be seen that there are several relatively high values on-site (inter
preted as "total HSL VOCs, in parts per billion [volume] in gas"), par
ticularly at the locations of on-site gas extraction wells 44D-0, 36D-0, 33-
0, and 21-0. It may also be seen that, in general, values decrease with 
increasing off-site distance from the landfill. Some of the off-site numbers 
must be interpreted with caution because of the presence at high concentra
tions of specific compounds suspected as potential laboratory contaminants. 
Values for concentrations of specific on-site and off-site contaminants 
contributing to the Summed HSL VOCs values are taken from Tables 5-2 and 5-3, 
respectively. The following general trends are seen: 

o There appears to be a gradient toward the south from off-site probe 
J-D to probe 37-D, which then possibly continues south-southwest to 
probe AC-S and/or south-southeast to probe AF-D. This gradient is 
somewhat less clear-cut when the Summed HSL VOCs at each location 
are further broken down into the major constituents; however, BTX 
compounds and vinyl chloride appear to decrease with increasing 
southerly distance from the landfill. 

At probe J-D, about 40,000 ppb of the 41,929 ppb sum are 
attributable to acetone, which may reflect an acetone "hot 
spot" at this location as discussed previously. However, the 
second sample value for acetone at probe J-D was rejected as 
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being insufficiently elevated over the lab blank to allow 
reporting. The contribution of BTX-group compounds to the two 
samples amounted to 447 ppb of the 41,929 ppb sample and 46ppb 
of the 2,125 ppb sample. The absence of vinyl chloride at 
probe J-D is difficult to explain relative to the presence of 
vinyl chloride further south at probes 37-D and AF-D. 

At probe 37-D, there was generally very poor correlation 
between compounds found during each of the two sampling rounds 
(see Table 5-3 and related discussion in Section 5.1.2.3). 
The exception was vinyl chloride, detected at 269 ppb and an 
estimated 252 ppb during the first and second sampling rounds, 
respectively. 

At probe AC-S, more than 90% of the total HSL VOCs present in 
two of the three samples (#1 and #2) were attributable to BTX-
group compounds. The replicate samples (#1 and #1R) corre
lated poorly (see Table 5-3 and related discussion in Section 
5.1.2.3). In addition, 486 ppb of the 521 ppb sum for this 
sample were attributable to 2-butanone, a contaminant found in 
the laboratory blank. 

At probe AF-D, BTX-group compounds and vinyl chloride were 
found during both rounds of sampling; however, the sums for 
both samples were elevated largely due to carbon disulfide euid 
trichlorotrifluoroethane in round 1 and tetrahydrofuran in 
round 2, all of which are suspected lab contaminants. Carbon" 
disulfide and trichlorotrifluoroethane were contaminants in 
the lab blank for round 1; tetrahydrofuran was found in the 
lab blank for round 2. 

o To the west, probes 88-S and 88-M show a consistent presence of low 
levels of HSL VOCs; Table 5-3 indicates this is due in part to the 
low-level presence of the BTX-group compounds ethylbenzene, total 
xylenes, and toluene. Roughly half of the 426 ppb value at probe 
88-S is due to 2-butanone, a lab contaminant present in the 
laboratory blank. The 4,725 ppb value at probe T-S is most likely 
spurious; 4,716 ppb of this value is attributable to acetone, 
another lab contsiminant found in the laboratory blank. 

o To the north, the low-level values at probe 2-S are consistently 
attributable to the BTX-group compounds benzene, ethylbenzene, and 
toluene (and in one sample, styrene). 

o To the northeast, 2,489 ppb of the 2,545 ppb value at probe Z-S is 
attributable to methylene chloride, a lab contaminant found in the 
lab blank. However, the consistent 56 to 70 ppb residual is 
attributable to the BTX-group compounds ethylbenzene, styrene, and 
toluene at levels just above the detection limits. 

0 To the east, samples from probe M-M consistently contained low 
parts-per-billion concentrations of the BTX-group compounds 
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benzene, ethylbenzene, toluene, and total xylenes; slightly more 
than 100 ppb in each of the two samples are attributable to the sum 
of the BTX-group compounds. About 207 ppb of the 537 ppb value are 
attributable to 2-butanone and carbon disulfide (contaminants found 
in the lab bleuik); ainother 223 ppb are attributable to 
trichlorofluoromethane. Farther east at probe 50-S, the 66 ppb of 
the 74 ppb sum is attributable to acetone, and the remaining 8 ppb 
Is attributable to 1,1, l-trichloroethane. Acetone eUid 
trichloroethane were not found in the lab blank specific to this 
set of analyses. However, their presence in several other lab 
bleuiks eUid their inclusion on a list of common laboratory 
contamlnaints compiled by AGI would suggest that their presence in 
the two samples is questionable and may be a result of laboratory 
contamination. 

0 To the southeast, the values shown for probe 44-D are all at
tributable to BTX-group compounds. 

Overall, these mapping results should be interpreted cautiously, because it 
is clear that meuiy of the high values seen for the Summed HSL VOCs appear to 
be a result of the inconsistent and highly variable intrusion of laboratory 
contaminants, most notably acetone, methylene chloride, trichlorotrifluoro
ethane, 2-butcinone, and tetrahydrofuran, in roughly decreasing order of 
importcUice. However, consistent underlying patterns related to the distribu
tion of BTX-group compounds may be seen after adjusting for background 
"noise" that is due to lab contaminants. 

5.5.2. DISTRIBUTION OF SPECIFIC USEPA HAZARDOUS SUBSTANCES LIST 
VOLATILE ORGANIC COMPOUNDS 

For each sample shown in Tables 5-2 and 5-3, each compound that was detected 
was plotted on a separate base map of the Midway Landfill area (see example 
in Figure 5-3). The resulting geographic distributions for each of the USEPA 
HSL VOCs are shown in Appendix E-1. The maps are discussed in groups, in the 
same manner as the compounds were presented in Table 5-1: 

o Compounds reported both on-site and off-site 
o Compounds reported on-site only 
0 Compounds reported off-site only 

Discussions regarding the geographic distributions of compounds found at or 
near their respective detection limits are necessarily limited. This is true 
because the natural statistical variation that is due to the sampling and 
analysis methods used may be expected to strongly influence the relative 
probability that such a compound will be reported "present" versus "absent" 
in any given sample eind, therefore, at any given sampling location. 
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5.5.2.1. Compounds reported both on-site and off-site 

The compounds included in this section have all been detected at greater or 
lesser concentrations in on-site subsurface gas. The following discussion 
therefore focuses on the off-site geographic distribution of these compounds. 

The BTX-group compounds ethylbenzene, total xylenes, toluene, and benzene 
share a common pattern of distribution (see maps presented in Appendix E-1), 
which includes the following general attributes: 

o South: positive results in off-site probes J-D, 37-D, AC-S, 
and AF-D. There is weak evidence of a concentration gradient 
that decreases in value with increasing distance from the 
southern boundary of the landfill property. 

0 Vest; positive results in off-site probes 88-S and/or 88-M. 

' o North: positive results in off-site probe 2-S. 

o Northeast: positive results in off-site probe Z-S for 
ethylbenzene and toluene; results for benzene and total 
xylenes were not reportable due to insufficient elevation 
above lab blank values. 

o East; positive results at probe M-M; results at probe 50-S 
either not detected or not reportable. 

o Southeast: positive results at probe 44-D. 

Styrene also generally followed the above pattern: 

o South: positive results at J-D and AC-S (however, in contrast to 
the above compounds, negative results at 37-D) 

o North; positive results at 2-S 

o Northeast: positive results at Z-S 

0 East: positive results at M-M and negative results at 50-S 

o Southeast: positive results at 44-D 

Comparison of the on-site and off-site concentrations of ethylbenzene, total 
xylenes, toluene, benzene, and styrene (see Table 5-1) suggests that these 
five compounds constitute the best available "fingerprint" of HSL VOCs common 
to both on-site and off-site subsurface gas in the vicinity of the Midway 
Landfill. As described in Section 5.1.1.1 and shown in Table 5-1, ethylben
zene, total xylenes, toluene, and benzene were found in greater than 50^ of 
both the on-site gas extraction well and off-site gas monitoring probe 
completions sampled. Styrene was found in 36X of the on-site gas extraction 
well completions sampled and 50X of the off-site gas monitoring probe 
completions sampled. Furthermore, the similar off-site geographic di^tribu-
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tions of these compounds (see maps presented in Appendix E-1) suggest that 
they share a common set of transport mechanisms and geologic migration 
pathways. 

Vinyl chloride and trichlorotrifluoroethane followed only the southward 
trend, with positive results at probes 37-D and AF-D. For both rounds of 
samples collected at probe J-D, vinyl chloride was not detected and trichlor-
otrifluoroethcUie was non-reportable. This would appear to be an unexplained 
physical gap in any hypothesized on-site to off-site gradient for these 
compounds. Results for trichlorotrifluoroethane should be interpreted 
cautiously because of the high percentage of data values that were non-
reportable throughout the entire subsurface gas sampling program; see Tables 
5-2 and 5-3 and related discussion in Section 5.1.2.1. 

Trichlorofluoromethane was reported at probe M-M to the east and probe 88-M 
to the west; 2-butemone was reported at probes M-M and 88-S. Tetrachloro
ethene was reported off-site only at probe M-M. Acetone was reported at off-
site probes J-D to the south, T-S to the west, and 50-S to the east; these 
data should be interpreted cautiously because other results for acetone were 
not reportable. As previously mentioned in Section 5.5.1, the 40,002 ppb of 
acetone detected at probe J-D is difficult to dismiss as due to laboratory 
contamination euid may reflect an acetone "hot spot" at this location. 
Methylene chloride was reported at probe J-D to the south and probe Z-S to 
the northeast; as with acetone, these results should be interpreted with 
caution because of the high percentage of non-reportable results. Chloro-
etheihe and chlorobenzene were reported of f-site only at probe J-D to the 
immediate south of the landfill. 

Positive results for tetrahydrofurain were reportable only at probe AF-D to 
the extreme south and probe 2-S to the north; tetrahydrofuran is a suspected 
laboratory conteuninant. A positive result for 1,1-dichloroethene of 7 ppb 
was reported at probe AF-D; this value is only slightly above the detection 
limit (1.2 ppb) for this compound. 

Attenuation During Subsurface Migration 

The five BTX-group compounds identified as comprising the best available 
"fingerprint" of compounds common to both on-site and off-site subsurface 
landfill gas, appear to be attenuated with increasing distance from the 
landfill. Off-site concentrations were consistently lower thaui on-site 
concentrations (see Table 5-8): 

o Comparison of maximum on-site euid off-site concentrations of the 
five BTX compounds showed estimated attenuation of these compounds 
to be in the range of 73.6 to 99.7%. 

0 Comparison of mean on-site eUid off-site concentrations of the five 
BTX compounds showed estimated attenuation of these compounds to be 
in the range of 56.1 to 99.4Z. 

•I 
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Table 5-8. Estimated On-Slte/Off-Site Attenuation of 
Primary l-iSL VOCs Detected in Subsurface 
Gas Samples 

CAS 
# 

100-41-4 
n"V)-20-7 
1C8-88-3 
71-43-2 

100-42-5 

75-01-4 

Target 
Compound 

Ethylbenzene 
xylenes (Total) 
Toluene 
Benzene 
Styrene 

Vinyl chloride 

MAXIMUM OCWCENrRATrCNS 
Ch-Slte 

(ppb) 

16,610 
29,195 
24,044 

1,384 
508 

31,215 

On-Site Craicentratlai 
Attenuation (/,) = 

Off-Site 
fDDb) 

127 
106 
68 

185 
134 

275 

roDb) -

MEAN OCNCENIRAnCNS 
Attenuatiai On-Site Off-Site 

(X) (ppb) (ppb) 

99.2 2,825 44 
99.6 3,419 19 
99.7 1,920 18 
86.6 318 28 
73.6 41 18 

99.1 2,807 35 

Off-Site Concentraticxi (ppb) 
On-Site Concentratiai (ppb) X iVAJ 

Atteiuatioi 
(X) 

98.4 
99.4 
99.1 
91.2 
56.1 

98.8 

Source: Parametrix, 1987. 
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As shown in Table 5-1, vinyl chloride was not found off-site at as many 
locations as the BTX compounds, but its off-site concentrations were also 
substantially lower than its on-site concentrations: 

0 Comparison of maximum on-site and off-site concentrations of vinyl 
chloride showed an approximate attenuation of 99.1^. 

0 Comparison of mean on-site and off-site concentrations of vinyl 
chloride showed cUi approximate attenuation of 98.8%. 

The studies conducted for the Midway Lamdfill Remedial Investigation were not 
designed to Identify the specific mechanisms by which attenuation might be 
occurring or to quantify the rate of attenuation attributable to emy specific 
mechanism. Therefore, no statement may be made solely from the gas charac
terization data regarding the role of amy hypothesized mechanism that would 
explain the observed attenuation. Examples of mechanisms that might be 
hypothesized as expleuiations of the attenuation include: 

0 Biodegradation resulting from microbial breakdown of the compounds 
in the solid waste, soil, or saturated zones. 

0 Chemical interactions between the compounds amd water or soil com
ponents. 

0 Physical adsorption of the compounds onto organic matter present in 
the solid waste, soil, or saturated zones. 

0 Physical extraction of volatile organic compound vapors from solid 
waste, subsurface soils, leachate, groundwater, or other potential
ly contaminated media. 

The vacuum maintained by the gas extraction system would tend 
to result in increased volatilization, ie., conversion of 
volatile liquids to more mobile organic vapors. Volatile 
organic compounds would therefore have a greater tendency to 
be extracted from contaminated solid waste, subsurface soils, 
leachate, or groundwater into subsurface gas. 

The action of the on-site gas extraction system's motor 
blowers is intended to draw subsurface gas and vapors back 
toward the leindfill to be destroyed by combustion In the on-
site temporary gas flares. This action would tend to stop 
off-site migration of any volatile orgauiic vapors present in 
subsurface gas. 

5.5.2.2. Compounds reported on-site only 

Of the seven compounds reported on-site only, six were reported present at 
on-site gas extraction well 44D-0. As discussed previously, results at this 
well may be somewhat atypical due to its relatively low gas flow rate and 
increased potential for contaminant accumulation (see discussion in Section 
5.2.1). Three (vinyl acetate, trichloroethene, and trans-1,2-dichloroethene) 
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were reported present at well 25-0. Two compounds were reported at each of 
two wells: vinyl acetate and 1,1-dichloroethane at well 4-0 and 4-methyl-2-
pentanone and trichloroethene at well PA8D-0. 

5.5.2.3. Compounds reported off-site only 

No obvious pattern is seen for the three compounds reported off-site only 
(1,1,l-trichloroethane, chloromethauie, euid carbon disulfide). All were 
reported present in samples from at least two of the four sampled probe 
locations to the south of the landfill; 1,1, l-trichloroethane was reported 
present at all four locations. All were reported at either probe 88-S or 88-
M; 1,1,l-trichloroethane was reported at both. Results for carbon disulfide 
may be spurious due to its presence in lab blanks. 

! • 
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6.0 CONCLUSIONS 

The combined results of the studies described in this technical memorandum 
suggest that certain gas contaminants consistently identified in on-site 
subsurface Midway Lsuidfill gas have migrated off-site through subsurface 
pathways. This conclusion is based on the following: 

0 Comparison of the types of compounds found In on-site eUid off-site 
subsurface gas samples. 

o Mapping of the geographic distribution of the concentrations of 
specific compounds In relation to the landfill site. 

o The likelihood of these compounds occurring in association because 
of their similar chemical structures and properties and their 
frequent occurrence together in commercial solvent and fuel 
mixtures. 

It Is further concluded that the five BTX-group compounds identified in this 
report (benzene, toluene, total xylenes, ethylbenzene, and styrene) comprise 
the best available "fingerprint" of the USEPA HSL VOCs that are consistently 
present in both on-site and the off-site subsurface gas within a limited 
dlstcuice from the landfill. However, BTX-group compounds are also present in 
gas from other sources. Therefore, their presence in a particular sample of 
off-site gas is not conclusive evidence that the gas originated from the 
lauidflll, only that it may have originated there. Results of a study 
conducted outside the scope of the remedial investigation (Farr, Friedman & 
Bruya, 1987; see Appendix E-3) indicate that evaluation of ethane/methane and 
propane/methane ratios may also be useful in distinguishing natural gas 
supplied by local utilities, such as the Washington Natural Gas Company, from 
Midway Landfill subsurface gas. 

In summary, a comparison of on-site amd off-site subsurface gas constituents 
shows the following: 

o Several USEPA HSL VOCs are present in a high percentage of both on-
site and off-site subsurface gas samples. These compounds, listed 
in decreasing frequency of on-site occurrence. Include: 

Ethylbenzene 
Total Xylenes 
Toluene 
Benzene 

o Mean concentrations of these compounds in on-site subsurface gas 
are in the range of 2 to 4 parts-per-million (ppm); meaui concentra
tions of these compounds in of f-site gas are less than 50 parts-
per-billion (ppb). 
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Styrene is frequently found associated with the compounds listed 
above, although generally at much lower concentrations. 

Mapping of the geographic distribution of these compounds suggests 
that off-site migration has occurred and that these compounds share 
similar off-site distributions. 

The five BTX-group compounds (ethylbenzene, total xylenes, toluene, 
benzene, and styrene) together comprise the best available "finger
print" of the USEPA HSL VOCs that are consistently present in both 
on-site auid the off-site subsurface gas within a limited distance 
from the landfill. 

Vinyl chloride is frequently associated with the BTX-group com
pounds listed above in on-site subsurface gas but is found much 
less frequently than the BTX compounds in off-site subsurface gas; 
factors affecting the distribution of vinyl chloride appear to be 
different than for the BTX-group compounds. Further discussions 
regarding potential sources of vinyl chloride and possible explana
tions for the observed distribution of this compound in various 
environmental media are given in the Midway Landfill Remedial 
Investigation Summary Report (Parametrix, 1988). 

Evaluation of ethane/methane and propane/methane ratios may be 
useful in distinguishing Midway Landfill gas from natural gas 
supplied by the local utilities. 

Because several USEPA HSL VOCs were identified as probable labora
tory contaminants, results for these compounds are difficult to 
interpret. 

Because agreement between replicate samples was generally poor, 
conclusions regarding the absolute presence or absence of compounds 
generally found at the lower limits of detection in this study (low 
parts-per-billion range) can only be made with great caution. 
Similarly, conclusions regarding potential off-site migration of 
these compounds can only be made with great caution. 
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APPENDIX E-1 

Distribution of Individual USEPA Hazardous Substamces List 
Volatile Organic Compounds (HSL VOCs) by Sampling Location 



NOTE: Maps are organized as follows: 

o Compounds reported present both on-site and off-site 
0 Compounds reported present on-site only 
0 Compounds reported present off-site only 

All data presented in this Appendix have been fully quality assured but have 
not been blank-corrected; therefore, these data represent conservatively high 
estimates of true HSL VOC concentrations in subsurface gas. Blank-correction 
would affect the results only for benzene, ethylbenzene, toluene, and total 
xylenes; see Tables 5-4 and 5-5 and accompanying text in Section 5.1.2.2 for 
further details. 
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R = Not Reported Present Due to 
Insufficient Elevation Atwve Lab Blanl<s 
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® Medium Probes ^ « * • x / i.v 
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Notes: ND, = Below Detection Umit of 0.7 PPB 

ND, = Below Detection Umit of 72 PPB 

• Sfiailow Probes 

® Medium Probes 

B Deep Probes 

A On-Site Control Wells 

Distribution of Subsurface 
Gas Contaminants (ppb) 
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SCALE IN FEET 

500 1,000 

Notes: ND, = Below Detection Umit of 4.1 PPB 
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R = Not Reported Present Due to 
Insufficient Elevation Above Lab Blanks 
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B Deep Protses 

A On-Site Control Wells 

Distribution of Subsurface 
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Distribution of Subsurface 
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Notes: R = Not Reported Present Due to Insufficient Elevation Above l.ab Blanl<s 
ND, = Below Detection Umit of 1.7 PPB 
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E = Estimated Data Value 
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• Shallow Probes 

© Medium Probes 

B Deep Probes 

A On-Site Control Wells. 

Distribution of Subsurface 
Gas Contaminants (ppb) 
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SCALE IN FEET 
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Notes: 

ND, = Below Umit of Detection of 1.2 PPB 

ND, = Below Umit of Detection of 124 PPB 

• Shallow Probes 
0 Medium Probes 

H Deep Probes 
A On-Site Control Weils 
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Gas C o n t a m i n a n t s (ppb) 
1 ,1-d ich loroethene 
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Notes: 

ND, = Below Detection Umit of 1.2 PPB 

ND, = Below Detection Umit of 121 PPB 
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l i /OI/ i t n / i t / i i t i to 
H / l l / l i I I / K / H HIO 
t i / l l / H t t / l i / i i t i to 
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l i / l l / H H / I I / l i ItOID 
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Oi/li/li I0/0t/l{ 
lO/ll/H ID/Il/H 
ll/H/H ll/ll/li 
Ol/t l / l t o i / u / n 
n/u/n n/ei/n 
H/n/n H/H/n 

i t t d 

nod 

l t d 

l . l 
t . t 
t . t 
I.t 
t . t 
t . t 
l . l 
t . t 
t . t 
I.t 
t . t 
t.o 
t . t 
l . l 
l . l 
t . t 
t . t 
t . t 
t . t 
l . l 
t . t 

1.0 
t . t 
I.t 
I.t 
t . t 
I.t 
t . t 
t . t 
t . t 
o.t 
t . l 
t . t 
t . l 
I.t 
I.t 
1.0 
0.0 
0.0 
o.t 
t.t 
t . t 
t . t 
t . t 
t . t 
t . t 

o 

o 

n ' t i l l labailted to Ico lon bp Hack I Vetlcb 
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KIDVII U I D F I l l I l K H I l l IV°7nTIGUIOI 

l O l H I l l OIGIIIC COKPOVIDI lUKKIII 
Sectioa I ol F i l l 

^> 

Seplitber II, IHI 

r^ 

ITUIOI I.D. lumt 
ItlPU 
IHI 

l l l l l l l l 
n n DciuHiit DciuiHii DCIUIHII tciiriRin niciiriuo ip n u n o i iu i i IIPTIII llOPiOlin PIIFUHII PHFUTOIU I ITIIUII ll l l l l IMP 

o\ 

Kiel-III 
llCV-llt 
KlCI-lll 
KlCI-lli 
KLCV-lli 
KlCI-lli 
RLCMI-n 
KlCI-ltl 
KlCV-Itt 
KLCV-Itt 
KlCV-ltl 
KLCI-Iti 
KlCV-Iti 
KlCI-lt-tl 
KlCV-ll-tl. 
KUMt-H 
HlCV-lt-ll 
KlCI-ltl 
KtCMt-Di 
KlCV-lt-tl 
KICI-DII 
KUt-D-H 
KlCI-lil 
KlCV-li-tt 
KlCI-ti-tt 
KlCMil 
KlCI-li-l l 

iicMi-n 
l l C l t t t 
K ic i - tn 
IICV-HI 
KlCMIt 
RUI-lt l 
HCl-HI 
Kiev-let 
l l C I - ( t l 

K i e l - l i t 
K lC I - l l l 
KlCV-ltt 

RICMOI 
K iev- i l l 
Ricr-iot 
KlCI-iOl 
llCV-iOl 
l l C I - i H 
KlCI-Hi 

CVI-II 
CVO-ll 
CVI-II 
CVO-ll 
CVO-ll 

cvo-u 
cvo-u 
Cll-lt 
cvo-u 
CVI-lt 
CVO-lt 
CVO-ll 
CVO-lt 
CVO-lt 
CVI-lt 
CVO-lt 
CVI-lt 

cvo-u 
cvo-u 
CVI-l l 
CVO-lt 
CVI-D 

CIO-K 
CVO-li 
n i - i i 
CVO-li 
CVO-ll 

ni-i i 
CVO-lt 
cvo-tt 
cvo-ot 
cvo-ot 
cvo-ot 
CVO-tl • 
evo-Di 1 

' C»0-tl 1 

CVO-ti 
CVO-OI ' 1 
CVO-0! 
CVO-Oi 
CVt-d 
CVO-H 
CVO-H 
CVI-H 
CtO-d 
CVO-Oi 1 

H/H/H H / l l /H 
1 n / t i / i i H /H/ i i 

i r / t i / i ( H/H/H 
H/ t i /H H/ l i /H 
H/ l i /H I t / n / H 
H/ l i /H H/ t l /H 
t l /M/H l l / l t / H 
H /H / l i H / l l /H 
n / t i / H M/H/H 
n / u / H H/ t i /H 
H/H/ I I t i / l t / l l 
t i / ) t / l i I t / l t / l i 
H / t l / l i I t / l t / H 
l l / U / H I t / t l / H 

n/D/n ii/tt/n 
n/tt/n H/H/n 
H / n / i i H / t i / i i 
H / l l /H H / n / i l 
l l /M /H I I / I I /H 

ti/it/n it/ i i /n 
ti/U/tt H/H/n 
H/n/il H/ll/ll 
H/li/ii l l/tt/ l i 
ll/K/H It/tl/ii 
n n m n/u/n 
l l / l i / H I t / t l /H 
l l / H / H l l / U / H 

. t i / D / i t i i / i ) / n 
' H / l l /H H/ t l /H 

H / l i /H i t / n / i i 
I t / l i / H lO/t l / i i 
n / H / H H / t l / l i 
H / l i /H lO/Ot/H 
H / l i /H H / t l / i i 
t i / l t / l l I t / l t / l i 
I t / t t /H I t / t i / l i 
t U t l / H H/ l t /H 
t i / t l / i l M / l i / i i 
H / l l / l i I t / t t / l i 
H / l i / i i I t / t t / i i 

: Oi/Oi/H Oi/IO/ii 
n / K / H t(/IO/H 
Ol/OI/li n /Di / i i 
01/DI/ii OI/Dl/ii 
t i / n / H H / K / i i 
H / l t /H tU I I /H 

UtI 

I Data ••btitted t^oloff (f llick I Veilch 
I lepteiber 11, ^ B 
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IIDVU U I D r i l l lEHIDIll IVVHTICUiOl 

VOUTIU OICIIIC CORPOUVDS l U i n i l l 
Sectioa I of File Septeaker I I , I t i l 

O 

O 

) 

) 

) 

) 

) 

: ) 

' • • ) 

I 

\ ) 
I 

) 

) 

' ) 

o i n i t o i 

i icv-tn 
( \ IICV-III 

•ICV-Ht 
, IICI-HI 

p HlCI-Ui 
1 KlCV-HI 
' llCI-IOi 

f . llCV-HI 
1 l lCI-t l l 
1 , Rici-in 

( . ' RlCV-IOt 
1 j llCV-iOl 
' KlCV-iOl 

( Kici-tn 
i llCV-IOi 
1 ' RlCI-llt 

r . ' 1 KlCVtlt (DUPI 
1 Ricv-iei 
' • llCI-iOt 

( ' : Kicv-ioi 
Kiev-ioi 
Riev-iOl 

( 1 RICV-9H 
1 lUVV-OI-ll 
; Kiivv-iti 
; lUVV-lll 

1 RUV-Ot-tt 
1 KUV-OI-U 

( . ' KUV-Ot-ti 
KUV-OI-U 
KUV-II-U 

( . lUV-tl-U 

I.t. 

CVO-ll 
c v i - n 
CVO-OI 
cvi-n 
CVO-01 
CII-OI 

CVO-01 
MODI 

Cll-H 
CVO-Oi 
CVO-OI 

CVI-H 
CVO-OI 

cvo-n 
CVO-li 
CVO-ti 

CVI-H 

CVO-Oi 
CVI-H 
CVO-Oi 

CVO-Oi 
CVO-Oi 
IVI-II 
IVI-tl 
IVI-OI 
IVI-OI 
IVO-OI . 
IVI-tl 
IVO-II 
iVI-tt 
IVO-tl 

KlIV-n-tllDUP) IVO-II 
l u v - n - u 

( . lUV-l l - t t 
lUV-tt-H 
lUV- l l - l l 

(^, auv t i l t 
KUV-Ot-K 
KlIVOI-ll 

(^, K u v n - u 
Ruv-n- i i 
i i i v -n - i ( 

( ^ l u v - n - t i 
RUV-H-ti 
KUV-l t t l 

H l - t l 
iVI-tl 
IVO-tl 
IVI-II 
IVO-II 
IVI-lt 
IVO-tt 
H i - n 
i io -n 
i v i -n 
EVO-Ot 

ivi-n 
iVO-Ot 

i lKPU l l U I i l l 
IUIVII DITI DHI I C I U I I I I t DCiUI 

1 lO/tt/li H/H/II 
1 H/K/II H/l l / l l 
1 t t / t i / i l t i / t i /H 

tT/ti/H t i / t i / i i 
H/t i/ l i n / i i / i i 
t l/U/H t t / l i / i i 
l i / l l /H H/n/ti 
H/ll/H l i / t l / l i 
t i / t l / l i H/IO/ii 
n/n/H n/n/H 
t t / t i /H t i / l l /H 
t l / t i / i i I i / t t / i i 
d/ t l /H l i / l i /H --

1 t i / l i /H t i / t l / l i 
1 t i / l l /H H/ll/H 

It/tt/H It/tt/H 
It/tt/H I t / l l / l i 
M/ll/H M/ll/H 
t l / t i /H t i / t i /H • 
t l / t i / i i t i / l l /H 
n / i i / i i t i / t t / i i 
n/ l l /H It/ I I / t i 
It/tt/H l l /H/ i i 
mum li/ot/it 
Oi/tO/H H/ll/H -
lO/li/ii lO/ll/H 
ll/H/H l l / l i / i i 
l l / t i /H l l / l i /H 
II/II/H It/tt/H 
II/II/H It/tt/H 
t l /U/n t l /U/n 
n/u/n n/u/n 
l l / l l / l t t l / tUII 
n/u/n tt/K/n 
t l /U/n l l / l i / l l 
t l / l t / l t t l /U/n 
l l /U/ l l n /n /n 
n /u /n H/H/H 
t i / t t /n Oi/OI/ll 
I i / t t /n ti/oi/n 
l l / l t / i i It/OI/H 
I t / t l / t i 
II/II/H It/et/H 
II/II/H l2/n/H 
Ol/ll/ll oi/u/n 
oi/ii/n mum 

tCIUIHIt DCiUIIIII DCIUIIIIi DCIUUHI IIICIUIUO IP I I U I I 0 t l U I I I IPI l l l ISOPiOHH PHFUHIt PIHUIOIU t i n i U d l l l l l l TIIP 

I.t 
t . l 
t . t 
t . l 
t . t 
t . t 
l . l 
1.0 
0.0 
1.0 
t . t 
t . t 
l . l 
t . l 
t . t 
t . t 
t . t 
t . t 
l . l 
1.0 
0.0 
I.t 
t . t 
I.t 
l . l 
t . t 
t . t 
t . l 
t . t 
I.t 
t . t 
t . t 
t . t 
t . t 
I.t 
t . t 
I.t 
I.t 
t . l 
t . t 
t.o 
0,0 
0.0 
0.0 
0.0 
0.0 

J 

.) 

I 
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KIDVII UIDFIll IIKIDIIl IIVHirntllOl 
VOUTIU OIGIIIC COKPOUIDS lUKKIII 

Icclloa ( af Fi l l lepleaber I I , t i l l 

lUtlOl I.O. IUIHI 
SIKFU 
DHI 

a i i n i i 
DHI DCIUIMIt ICI l t l l lD ICIUIIIK ICIlFlKiri TllCliriVO IP I I U I I 0 I l l l l l I IP I l l l iiopioiiii piiruiiii riiriiroio i tn iu i i i t i i i i ri ip 

KllV-Ot-tl 
luv-tt-tl.uvp 
KUtnti 
luv-n-ii 
luv-n-ii 
KUV-lt-tl 
RlH-tt-tt 
KUV-ltl 
KUV-III 
KUV-III 
KUV-llt 
KlIV-1 It 
KUV-III 
KllV-lli 
lUV- l l i . 
KUV-III 
KUV-III 
KUV-llt 
lUV-Itt 
l l tV-IU 
KUV-lt-tt 
KUI-HI 

; l uv - t t t 
' lUV-Itt 

KllV-ttI 
KUV-tlt 
K l l l - t t I 
l U V t I I 
lUV-t l i 
I l lV- t l l 
I l lV- t l l -
RUV-tll 
lUV-IH ' 
lU I - l I t • ' 
KlIV-VIU 
I IH-HI 
KUV-ll t 
Kiri-S-H 
KU-i-n ' > 
KU-K-lt 
KlF-S-« 
KIF-S-Oi 
KlF-l-n-lDVP 
KllF-IOt 
Kiir-Ht 
l U i - d l 

i i i-n 
ivi-n 
ivo-tt 
ivi-n 
m- i t 
ivi-n 
IV0-t2 
IVI-tl 
i v in 
Hl - t l 
IVI-OI 
IVO-II 
IVI-II 
IVO-ll • 
Ht-n 
IVO-tl 
IVI 11 
IVO-tl 
i v i n 
ivD-n 

IVI-tt 
IVI-tt 
H i - n 
i v i n 
tVO-H 
H l - t t 
IVO-OI 
Hl-Ot 
Ivo-ot 
ivi-n 
IVOIt 
HI - I t 
IVO-tt I 

T l l lH I 
FUHISl I 
FUIKSI ' 
FlIIIIH I 
FUl ld l 
FUHISl I 
FUHISl 
FUHISl 
FUH(I| I 
r U H d l I 
T i l l l l I 

n / i t / i t 
t l / l t / l t 
mum 
t l / t i / l t 
mum 
mmm 
H/ l t / l t 
ti/t)/ii 
m u m 

• u m m 
n/ii/H 
tl/ti/ii 
ttmrn 
n/u/H 
H/ ) l / i i 
t l / ) t / H 
I t / l i / H 
I t / l i / H 
I t / t t / l i 
I t / t t / i i 
l l /H /H 
I t / t t /H 
l i / l i / l i 
t l /Ol / l i 
H/H/ I I 
l i / H / i l 
H / l i /H 
t i / l i / H 
H/n /H 
H/ t l / t l 
H / l l /H 
H/ l l /H 
I t / t t /H 
I t / t t / i i 
I t / l i / H 
t l / t i / i i 
t ( / l i / l l 
M/Ot/lt 
Ol/t l / l t 
l i / l t / l l 
l l / U / l l 

Oi/et/n 
H/ot/n 
H /U / i i 
H / l t / l i 
H / t i / i i 

It/ii/n 
m u m 
u m m 
ot/ii/n 
m u m 
M/ t i / l l 
N / t i / l t 
H/ t t /H 
H / t l / l i 
l l / t t / l l 
t l / t i / l i 
t i / i i / H 
I t / l l / l i 
H / l l /H 
H / l i / i i 
H/ I I /H 
H/ l l /H 
I t / t l /H 
l l / t i / l i 
l l / t i / l i 
I t /H /H 
t i / t l / H 
m u m 
H/ t t / l l 
t l / t l / H 
l l / t i / H 
H/ t l /H 
H/H/I I 
t t / l t / H . 
I t / l i / i i 
H / t i / l i 
H / t i /H 
l l / U / H 
H/tO/ti 
H/ t i /H 
n/u/H -. 
ti/u/n 
H/li/it 
l$/OT/iI 
m u m 
H/ii/n 
H/H/ l t 
H /H/ I I 
H / I I / l t 
H / t l / l i 
n / i i / H 

t . l 
l . l 
t . l 
l . l 
t . t 
t . l 
l . l 
t . l 
l . l 
l . l 
t . t 
t . l 
t . l 
I.t 
I.t 
l . l 
t . l 
t . t 
l . l 
l . l 
t . l 
I.t 
t . l 
I.t 
t . t 
I.t 
l . l 
t . l 
l . l 
t . t 
l . l 
t . l 
t . t 
I.t 
t . t 
t . l 
t . l 
I.t 

1.0 
l . l 
l . l 
1.0 
0.0 
l . l 
t . t 
t . l 

o o 

- i 
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KIDVII UIDFIll IIKIDIIl IVVHTIOHIOI 

VOUTIU OIGIIIC CORPOVIDI IVRIIII 
i ec t io i I of Fi l l Septeiber I I , U U ry 

ItlTIOI I.D. iv ivn 
IlKPU 

DUI 
I I I I H I I 

DHI DCIlUHIt DCIUHIIl DCIUIIIIi DCIIFIKHI TIICIIFIVO I P J I U I I OJTIHI IIPTIII IIOPIOIIII PHFUIHl PIIFIIIOIV D ITI IUII l l l l l l IIKP 

I i 

KlH-OOl 
KUi-en 
KiTi-iei 
i in-oot 
IITI-OOI 
Ki-etoti 
Rl-tOdt 
Rl-IHOI 
Kl-ltOOl 

i i-don 
Rl-KDOl 
Rl-(9D0I 
Rl- i )dl 
Rl-tlDOt 
l l - l t d l 
IIICIIT IUH 
IIIGIIT IUH 
IIIGIII IUH 
IIICIVT IU I I 
I l lGi l l IUH 
IllCiVI IUH 
IIICIII IUH 
IIIGIVT IUH 
IIIGHT IUH 
illGtVt IUH 
IIIGIII IUH 
HIGIVI l l l l l 
IIIGIII IUH 
IIIGHT IUH 
IIIGIVT IUH 
tllGIIT IUH 
IIIGIVT l u l l 
IIIGIVT BUVI 
HIGIII BUH 
HIGIVI BUH 
IIIGIII IUH 
IIIGIIT IUH 
i n c u r IUH 
IIIGIIT IUVI 
IIIGIVT l l l l l 
IIIGIVT BUVI 
IIIGEVT BUNi 
IIICEVT IUVI 
HIGIVI IUVI 
IIIGIIT BUH 
IIIGHT BUVI 

HUH 
n u n 
IBUH 
IBUH 
U-dt 
CP-tU 
OP-HI 
CP-UI 
GP-HD 
OP-KD 
CP-KD 
GP-(9D 
GP-ni 
GP-UI 
OP-III 
HUVI 
tl lINt 
HUH 
HUH 
HUH 

HUH 
HUVI 
HUH 

HUH 

HUH 
HUVI 
IBUH 
BIIIVI 
HUVI 
HUH 
HUH 
lELIIi 
l l l l l l 
IBUH 
HUVI 
HUH 
IBUH 
IBUH 
HUH 
HUH 
HUH 
HUH 

t l / t i /H t i / l l /H 
t i / t t / i i H/U/ii 
t i /D/n l l / t l / n 
n/t i / i t H/H/II 
H/lt/lt H/l l / l l 
H/li/H H/lt/ l i 
H/ti/H H/li/H 
H/tl/ l i H/lt/ l i 
tl/Ol/li l l / l t / l i 
H/lt/ i i t i / l i /H 
H/ll/H t i / l i /H 
H/lt/H H/ll/H 
t i /M/i i t l/U/H 
H/l l / l i m u m 
m u m H/K/ti 

l l / l t /H -
l l / t i /H 
u m m 
It/ l i /H 
It/tt/H 
I t / t i / l i 
I t / l i / i i 
l l / l i /H 
II/tt/H 
l l/U/H 
It/lt/H 
It/t l /H 
It/t l /H 
H/U/H 
l l / t l / l i 
II/tt/H 
H/lt/H 

l l / t l / l i H/tl/H 
H/lt/H l i / l l /H 
H/ll/H H/ll/H 
H/tl/H H/tl/H 
l l / l l / i t n/n/H 
H/ l t /H H / t l / l i 
Oi/t l/H Oi/t i/H 
H/IO/H H/IO/H 
lO/D/H lO/ll/H 
tO/li/H lO/li/H 
H/ l l /H lO/ll/H 
tO/U/H lO/U/H 
le/lO/li IO/)0/ii 
Ol/tl/n l l / t l /n 
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Iectloi i of nil Itpteaber II, IHI 

ITUIOI 
IIIPII I l lU i l l 

t . l . lUITII IHI Dili ICUUIIIt ICIUIIIU ICHIIIIK ICIUUUI IKCIUUIO IP IIUII 0 IIUII IIPTIII IIOPUIHt PIIFUIIIt PIIFUHIV I ITIIUII IIUII TIIP 

IllSlir HIM 
IIIOIII m n 
IIIGHT IUII 
IIICIII IUH 
IIICIII IUH 
IIIGIIT IUH 
HIGHT l l l l l 
ItlGilT l l l l l 
IIIGIII l l l l l 
HIGIII IUH 
tllTIR l l l l l 
SISTII tUl i 
IHTIK IUH 

l l l l l l 
HUH 
IIUII 
HUH 
HUH 
IIIUI 
l l l l l l 
HUH 
l l l l l l 
HUH 

m u m m u m 
m u m m u m 
l l /U/n i i / n / n 
m u m n/t i / t i 
i i / i i / n t t / i i /n 
H/i i /n K/ti/ it 
H/n/lt H/n/n 
li/Oi/ll H/OO/lt 
It/M/lt l i / l l / l l 
m u m t i / u /n 
H/H/lt H/tl/t l 
u m m m u m 
H/i i / i i m u m 

J < 

( 

( 

c 

c 

I 
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1 
Rtcuivaj ijti; 1 9̂87 HIDVAI LANDrilL BKHBOUL INVgSTIGtTIOII 

VBTKSHAEUSKII ANALTTICUL BB9ULTS 
Concentration in ppi Septeiber IB, 1911 

SAKPLB 
SAHPLB HO STATION DBPTH TTPI SANPLB DATB LAB LAB I.D ANALtSIS 

D AIB TBDLAB 06/03/BT VBfCO IS6<S GC/COULITITB[ 

imiTS COZ CH( Ot n BTHANB PBOPANB BUTANB 

PPH 14000 18000 NA NA t t NA NLCV-CD? CV-07 

HLCV-CI2 C M 2 D AIB TBDLAB 0(/03/B? VBICO 15(48 GC/COULITITBI PPN 19000 8900 NA NA t t NA 

HLC^CI1 CV-ll D AIB TBDLAB OC/03/87 VBTCO 1SS48 CC/COULITITBI PPN (SOOO 18000 NA NA TB IOU NA 

HLBP-02-H 
HL-0200I 
NLEP-02-8 

NL-IOOOI 
KLEP-IO-S 

NL-nOOl 
n-S 01/04/87 
HLBP-17-9 

IILIiP-34-l 

HL-17001 
IILBP-37-D 

PLABB 

OP-02 

CP-10 

CP-17 

GP-34 

GP-37 

M 
S 
S 

a 
9 

S 
S 
S 

S 

D 
D 

AIB 

AIB 
AIB 
AIB 

AIB 
AIB 

AIB 
AIB 
AIB 

AIB 

AIB 
AIB 

TBDLAB 

TBDLAB 
TBDLAB 
TBDLAB 

TBDLAB 
TBDLAB 

TBDLAB 
TBDLAB 
TBDLAB 

TBDLAB 

TBDLAB 
TBDLAB 

0l/Z9/8( 

0(/02/87 
0(/08/8( 
0(/02/87 

05/08/8( 
0(/02/87 

0S/08/8( 
01/04/87 
06/02/81 

11/18/86 

05/08/86 
06/02/87 

VBTCO 

VBICO 
VBTCO 
VBVCO 

VBTCO 
VBTCO 

V8YC0 
VBICO 
VBVCO 

VBTCO 

VBTCO 
VBTCO 

11414 

15(41 
I182I 
15(48 

11821 
15(48 

11821 
15218 
15(48 

14741 

11821 
15(48 

CC/COULITITBl. 

CC/COULITITBI 
GC/COULITITBI. 
GC/COULITITBI 

GC/COULITITBI. 
GC/COULITITBI 

GC/COULITITBI. 
GC/COULITITBI. 
GC/COULITITBI 

CC/COULITITBI. 

GC/COULITITBI. 
GC/COULITITBI 

PPH 

PPN 
PPH 
PPH 

PPH 
PPH 

PPH 
uL/L lv/y| 

PPH 

PPH 

PPH 
PPH 

NA 

1(0000 
NA 
140000 

NA 
110000 

NA 
57000 
150000 

106000 

HA 
28000 

(10000 

1000 
HA 
400000 

NA 
(5000 

NA 
82000 
10000 

20 

7(0000 
420000 

NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 
NA 

14000 

NA 
NA 

NA 

NA 
NA 
NA 

HA 
NA 

NA 
NA 
NA 

850000 

NA 
NA 

1 

IOU 
IOU 
IOU 

IOU 
IOU 

IOU 
2U 
IOU 

NA 

IOU 
590000 

NA 

IOU 
IOU 
IOU 

IOU 
IOU 

IOU 
NA 
IOU 

NA 

IOU 
IOU 

NA 

NA 
IOU 
NA 

IOU 
NA 

IOU 
NA 
NA 

HA 

IOU 
NA 

Data Eubiitled to Ecoloj; b; Black I Veatch 
Septeaber 14, 1987 
(File naoe : HCHONI 



HIDVAT LANDFILL BBHKDIA.L INVESTIGATION 
VBYBBHABUSBB ANALYTICAL BB3ULTS 

Concentration in ppi Septeiber 18, 1987 

SAHPLB 
SAHPLB NO STATION DBPTH TTPg SAHPLI DATB LAB LAB I.D. ANALTSIS UNITS C02 CH4 OZ NZ BTHANB PBOPANB BUTANB 

S AIB TBDLAB 01/29/86 VBICO 11414 OC/COULITITBI. PPN NA 780000 NA IA ID NA NA GP-19 

NL-44DOI GP-44 D AIB TBDLAB 05/11/88 VBICO 11841 GC/COULITITBI. PPN NA 400000 NA NA IOU IOU IOU 

KLBP-4$-0 GP-4S D AIB TBDLAB 06/02/87 VBTCO 
HI,BP-45-K N AIB TBDLAB 06/02/87 VBTCO 
HL-45SOI S AIB TBDLAB 05/11/88 VBTCO 
NtBP-45-S 3 AIB TBDLAB 0(/0Z/87 VBICO 

15(48 GC/COULITITBI PPN 84000 5200 IA IA 21000 IOU NA 
15(48 QC/COULITITBI PPH (4000 Z800 NA NA TB IOU NA 
11841 OC/COULITITBI. PPN NA ISOOOO NA NA ZIOO IOU IOU 
15(41 GC/COULITITBI PPN 8Z000 150 NA NA IOU IDU NA 

HL-45S02 GP-45IDUPI S All TBDLAB 05/11/88 VBTCO 11841 GC/COULITITBI. PPH NA ISOOOO NA NA Z700 IOU IOU 

NLBP-48-l GP-48 S AIB TBDLAB 11/18/88 VBICO 14741 GC/COULITITBI. PPH 1Z7000 ZO (1000 78(000 NA HA HA 

GP-SO S AIB TBDLAB 01/29/88 VBICO 11414 GC/COULITITBI. PPN NA 710000 NA IA NA NA 

NL-59H0I GP-59 H AIB TBDLAB 05/11/88 VBICO 11841 GC/COULITITBI. PPN NA 180000 HA NA IOU IOU IOU 

HLBP-(I-| 
(1-S 2/26/87 
HLBP-6IS 

GP-61 S 
S 
S 

AIB 
AIB 
AIB 

TBDLAB 
TBDLAB 
TBDLAB 

11/18/86 
02/26/87 
06/01/87 

VBICO 
VBICO 
VBICO 

14741 GC/COULITITBI. PPH 117000 540 18000 851000 NA NA NA 
1SZ09 GC/COULITlTkl. uL/L (v/v| 80SO0 7000 NA NA 0110 NA NA 
15(48 GC/COULITITBI PPH 1000 (1000 NA NA INA INA NA 

HL-(100I GP-(1 S AIB TBDLAB 05/08/8( VBICO 11821 GC/COULITITBI. PPH NA NA NA NA IOU IOU IDU 

Data Bubaitled to Bcologr b; Black A Veatch 
Septeijer 14, 1987 
(File naie : !!CI| J ^ 
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HIDVAI LANDFILL BBHBDIAL INVESTIGATION 
VEIBBHABUSBB ANALTTICAL BE3ULTS 

Concentration in ppi Septeiber 18, 1987 

SAHPLB 
SAHPLB NO STATION DEPTH TIPB SAHPLB DATB LAB LAB I.D. ANALYSIS UNITS COZ CH4 OZ IZ BTHAHB PBOPANB BUTANB 

S All TBDLAB 11/18/88 VBICO 14141 GC/COULITITBI. PPH 1(000 ZS ZtOOD 191000 HA NA NA HLEP-64-l GP-64 

HLEP-69-l GP-69 S AIB TBDLAB 11/18/86 VBICO 14741 GC/COULITITBI. PPH 167000 ZS ZIOOO 198000 NA NA NA 

NLBP-18-l GP-78 S AIB TBDLAB 11/18/86 VBICO 
HLBP-78-S S AIB TBDLAB 06/0Z/87 VBICO 

14141 GC/COULITITBI. 
15648 GC/COULITITBI 

PPH 185000 5100 
PPH 150000 18000 

zzooo 
NA 

1(1000 
HA 

NA 
IOU 

NA 
IOU 

NA 
NA 

HLBP-78-l GP-78IDUPI S AIB TBDLAB 11/18/88 VEICO 14141 GC/COULITITBI. PPN 181000 HA ZZOOO 1(8000 NA NA NA 

HLEP-79-H GP-79 N AIB TBDLAB 0(/OZ/87 VEICO 15(48 GC/COULITITBI PPN 12000 50000 NA NA IOU IOU NA 

HDLF-8ID 
HL-81002 
NLEP-8I-D 

HL8P-85-D-2 
85-D 03/04/(7 
HLBP-e5-D 
HLEP-85-H-2 
HLBP-85-H 

HLBP-87-D-2 
87-D 03/04/87 
HLKP-87-D 

GP-81 

GP-85 

OP-87 

D 
D 
D 

D 
D 
0 
N 
N 

D 
D 
D 

AIB 
AIB 
AIB 

AIB 
AIB 
AIB 
AIB 
AIB 

AIB 
AIR 
AIB 

TBDLAB 
TBDLAB 
TBDLAB 

TBDLAB 
TBDLAB 
TEDLAB 
TBDLAB 
TEDLAR 

TEDLAB 
TEDLAB 
TBDLAB 

01/07/88 
05/11/88 
06/01/87 

11/10/86 
03/04/87 
06/03/87 
11/10/86 
06/02/87 

11/10/86 
03/04/87 
06/02/87 

VBICO 
VEICO 
VEICO 

VEICO 
VEICO 
VEICO 
VEICO 
VEICO 

VBICO 
VBICO 
VBICO 

11588 
11841 
15648 

14700 
15218 
15648 
14700 
15648 

14700 
15238 
15648 

GC/COULITITBI. 
GC/COULITITBI. 
GC/COULITITBI 

GC/COULITITBI. 
GC/COULITITBI. 
GC/COULITITBI 
GC/COULITITBI. 
GC/COULITITBI 

GC/COULITITBI. 
CC/COULITITRI. 
CC/COULITITBI 

PPH 
PPH 
PPH 

PPH 
uL/L (v/») 

PPH 
PPH 
PPH 

PPH 
uL/L (»/v| 

PPH 

HA 
NA 
9000 

30000 
23000 
22000 

. 46000 
43000 

31000 
21000 
25000 

18000 
110000 
17000 

521000 
200000 
170000 
IOU 
IOU 

85000 
24000 
140000 

NA 
NA 
NA 

11000 
NA 
NA 
107000 
NA 

50000 
NA 
NA 

HA 
IA 
NA 

445000 
NA 
NA 
(47000 
NA 

865000 
NA 
NA 

14 
IOU 
IOU 

NA 
7 
TB 
NA 
IOU 

NA 
ZU 
TB 

14 
IOU 
IOU 

NA 
NA 
IOU 
NA 
IOU 

NA 
NA 
IOU 

NA 
IOU 
NA 

NA 
NA 
NA 
NA 
NA 

NA 
NA 
NA 

Data subsitled lo Bcolog; b; Black A Veatch 
Septeiber 14, 1987 
(File naie : HCNOH) 



HIDVAI LANDFILL BBHBDIAL INVESTIGATION 
VEIBBHABUSBB ANALTTICAL BBSULT3 

Concentration in ppi Septeiber 18, 1987 

SAHPLB 
.NPLB NO STATION DBPTH TIPB SANPLB DATB LAB LAB I.D. ANALYSIS UNITS COZ CH4 OZ NZ BTHANB PROPANE BUTANB 

87-N-2 
87-S-2 

88-D 
88-N 

CP-87 

GP-88 

N 
S 

0 
N 

AIB 
AIB 

AIB 
All 

TBDLAB 11/10/86 VEICO 14700 GC/COULITITBI. 
TBDLAB 11/10/86 VBICO 14700 GC/COULITITBI. 

TBDLAB 06/02/87 VBICO 15(48 GC/COULITITBI 
TBDLAB 08/02/87 VEICO 15648 GC/COULITITBI 

PPN 
PPH 

PPN 
PPN 

2(000 
14000 

1000 
46000 

IOU 
IOU 

<tooo 
IDU 

190000 
185000 

NA 
NA 

805000 
809000 

IA 
IA 

NA 
NA 

t 
IOU 

NA 
NA 

t 
IOU 

NA 
NA 

NA 
NA 

jubiitted to BcoloBj br Black I Veatch 
iber 14, 1987 
naie : NCH(||^ 

1 



APPENDIX K-3 

Sumtnaries of Gas Characterization Data Collected by 
Farr, Friedman & Bruya, Inc., for Parcunetriz, Inc. 
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RECBVED A.OR 2 i 1937 

April 20, 1987 

Clyde Moore, Project Leader 
PARAMETRIX, INC. 
13020 Northup Way, Suite 8 
Bellevue, WA 98005 

Dear Clyde: 

Enclosed please find the data tables for the methane 
concentrations and ethane/methane ratios. 

In comparing our value of the ethane to methane ratio to 
values calculated from Moi % data, one must keep in mind the 
units of the final result. The ratio we provided was 
obtained by dividing the ethane gas chromatograph/flame 
ionization detector (gc/fid) response by the methane gc/fid 
response and multiplying the result by 100. Using this 
procedure we calculated an ethane/methane ratio of 6.7 for a 
gas sample collected from the Washington Natural Gas (WNG) 
system. 

When comparing this value with the ethane/methane ratio 
calculated from the Moi % data supplied by WNG (2.2) one 
must take into account two factors. First, the gc/fid 
response for ethane is 1.6 times that for methane. And 
secondly, the gc/fid response for methane and ethane drops 
off by a factor of two with a 100-fold increase in the 
hydrocarbon concentration even with calibration curve r 
squared values of greater than .995. Taking these two 
factors into account, the (ethane response)/(methane 
response)XlOO value that was found experimentally agrees 
fairly well with that calculated from WGN Moi % data. Based 
on these results the correction factor for comparing these 
sets of numbers is 0.33. 

If you should have any more questions, please feel free to 
call. 

Sincerely, 

James E. Bruya, Chemist 

JEB/cag 

file:///liRLV.-/i.NC


RESULTS FROM THE ANALYSIS OF SAMPLES FOR METHANE, 

ETHANE AND PROPANE. 

Sample (Ethane/methane) xlOOt (Ethane/methane) xlOO(a 

C6 <.010 <.003 
C13 .024 .008 
P2 <.010 <.003 
17S <.010 <.003 
17S Duplicate <.010 <.003 
45S .54 .18 
45M 2.8 .92 
45D 3.9 1.3 
45D Replicate 3.9 1.3 
AES <.010 <.003 
AED .077 .025 
Flare Feed 1 South .015 .005 
Flare Feed 2 North .018 ,006 

Sample Methane (ppm) (Propane/methane)xlOO# 

C6 10,000 <.01 
C13 * 190,000+ <.01 
P2 * <.01 . 
173 100,000 <.01 
17S Duplicate 100,000 <.01 
45S * 60,000+ <.01 
45M * 32,000+ .49 
45D 30,000 .77 
45D Replicate 30,000 .28 
AES 2,000 <.01 
AED 9,000 <.01 
Flare Feed 1 South * 300,000" <.01 
Flare Feed 2 North * 260,000" <.01 

# Value reported as hydrocarbon response on gc/fid. 

(§ Value was converted to Moi % ratio using expected the 
conversion factor as per the letter to Parametrix dated -
April 20, 1987. 

* Indicates that the result was above the range of 
calibration that was established during these analyses. 

+ Indicates that the value was supplied by the City of 
Seattle Engineering Department. 

Indicates that the value was supplied by Parametrix. 
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May 6, 1987 

Clyde Moore, Project Leader 
PARAMETRIX, INC. 
13020 Northup Way, Suite 8 
Bellevue, WA 98005 

Dear Clyde: 

We have reviewed our report containing the screening data 
from soil-gas samples collected at and around the Midway and 
Kent Highlands Landfills. We have revised the data for 
benzene to reflect the fact that the chromatograms were 
sufficiently clean to determine that no possible benzene 
contamination was detected in any off-landfill sample except 
for C13A. With sample C13A, a contaminant was present which 
might have been benzene; however, no benzene was present at 
or above the quantitation limit. We have included a revised 
report. 

With regards to the qualifying descriptors associated with 
the sampling locations, we would like to clarify a few 
points. An A following a sampling location is used to 
identify the sample as having been collected from the gas 
stream before it passed through the filter. A B following a 
Seimpling location is used to identify the sample as having 
been collected from the gas stream after it passed through 
the filter. A (Rep) following a Scimple nximber identifies 
the results as coming from a replicate injection of a sample 
analyzed at least one day following sample collection. A 
(Dup) indicates that the results are from a duplicate sample 
collected and analyzed at least one day following the 
collection and analysis of the initial sample. 

Standards were run daily. Blanks were also analyzed daily 
and no contamination was found above the limits listed in 
the data tables. The r sqpjared values that are associated 
with the calibration curves used throughout the project are 
presented in a separate table. 

Sincerely. 

James E. Bruya, Chemist 

Enclosures 

JEB/cag 
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CONCENTRATION OF SELECTED ORGANIC COMPOUNDS COLLECTED 
FROM SITES AROUND MIDWAY AND KENT HIGHLANDS LAND FILLS. 

ALL RESULTS REPORTED AS uL/L (pom) . 

Vinyl chloride 

Chloroethane 

Chloromethane 

1,1-Dichloroethylene 

Methylene chloride <0.005 

trans-1,2-Dichloro-

ethylene <0.005 <0.005 <0.005 <0.005 <0.005 

1,1-Dichloroethane <0.005 <0.005 <0.005 <0.005 <0.005 

Chloroform <0.01 

Cl 

<1. 

0.5 

<1. 

.04 

.005 

C2A 

<1. 

<0.5 

<1. 

<0.005 

0.2 

C2B 

<1. 

<0.5 

<!• 

<0.005 

0.02 

C2B (Rep) 

— a 

<0.5 

— 

<0.005 

<0.005 

<C 

1C3 

1. 

<0.5 

<1. 

).005 

0.05 

<0.01. 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<G.01 

1,1,1-Trichloroethane 0.04 

Carbon tetrachloride <0.01 

1,2-Dichloroethane <0.01 

Trichloroethylene <0.01 

1,1,2,2-tetrachloro
ethane <0.01 <0.01 <0.01 <0.01 <0.01 

1,1, 2, 2-tetrachloro-
ethylene 

Acetone 

Carbon disulfide 

Benzene 

Toluene 

p-Xylene 

b-Xylene/styrene 

Ethylbenzene* 

0.04 

<0.5 

<0.5 

<0.2 

<0.5 

<G.5 

<0.5 

<0.5 

0.04 

<0.5 

<0.5 

<0.2 

<0.5 

<0.5 

<0.5 

<0.5 

<0.01 

<0.5 

<0.5 

<0.2 

<0.5 

<0.5 

<0.5 

<0.5 

0.02 

<0.5 

<0.S . 

<0.2 

<0.5 

<0.5 

<0.5 

<0.5 

0.02 

<0.5 

<0.5 

<0.2 

<0.5 

<0.5 

<0.5 

<0.5 

^ - Indicates that sample was not analyzed for this 
compound. 

* - Based on response for toluene. 

•I 
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CONCENTRATION OF SELECTED ORGANIC COMPOUNDS COLLECTED 
FROM SITES AROUND MIDWAY AND KENT HIGHLANDS LAND FILLS, 

ALL RESULTS REPORTED AS uL/L (ppm) . 

Vinyl chloride 

Chloroethane 

Chloromethane 

CA : 

<1. 

<0.5 

<1. 

CS 

<1. 

<0.5 

<1. 

C6A 

<1. 

<0.5 

<1. 

C6B 

. <1. 

<0.5 

<1. 

l,l-Dichloroethylene<0.005 <0.005 <0.005 <0.005 

Methylene chloride <0.005 0.02 0.05 0.05 

trans-1,2-Dichloro-

ethylene <0.005 <0.005 <0.005 <0.005 

1,1-Dichloroethane <Q.005 <0.005 <0.Q05 <Q.0Q5 

Chloroform <0.01 

1,1,1-Trichloroethane 0.04 

Carbon tetrachloride <0.01 

1,2-Dichloroethane <0.0I 

Trichloroethylene <0.01 
1,1,2,2-tetrachloro

ethane <0.01 <0.01 <0.01 <0.01 

1,1,2,2-tetrachloro-

<0.01 

0.04 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<a.oi 

<0.01 

<0.01 

<0.01 

<0.01 

. <0.01 

<0.01 

<0.01 

ethylene 

Acetone 

Carbon disulfide 

Benzene 

Toluene 

p-Xylene 

o-Xylene/styrene 

Ethylbenzene* 

<0.01 

<0.5 

<0.5 

<0.2 

<0.5 

<0.5 

<0.5 

<0.5 

0.04 

<0.5 

<0.5 

<0.2 

0.6 

<0.5 

<0.5 

<0.5 

0.04 

<0.5 

<0.5 : 

<0.2 

<0.5 

<0.5 

<0.5 

<0.5 

0.02 

<0.5 

<0.5 

<0.2 

<0.5 

<0.5 

<0.5 

<0.5 

* - Based on response for toluene. 



CONCENTRATION OF SELECTED ORGANIC COMPOUNDS COLLECTED 
FROM SITES AROUND MIDWAY AND KENT HIGHLANDS LAND FILLS, 

ALL RESULTS REPORTED AS uL/L (ppm). 

Vinyl chloride 

Chloroethane 

Chloromethane 

C7A 

1. 

<0.5 

<1. 

C7B 

<1. 

<0.5 

<1. 

C8A C8A(Rep) 

<1. 

<0.5 <0.5 

<1. 

C8B 

<1. 

<0.5 

<1. 

l,l-Dichloroethylene<0.005 <0.0,05 <0.005 <0.005 <0.005 

Methylene chloride 0.01 <0.005 <0.005 0.03 <0.005 

trans-1,2-Dichloro-

ethylene <0.005 <0.005 <0.005 <0.005 <0.005 

1,1-Dichloroethane <0.005 <0.005 <0.005 <0.005 <0.005 

Chloroform <0.01 <0.01 <0.01 <0.01 <0.01 

1,1,1-Trichloroethane0.06 0.08 <0.0r <0.01 <0.01 

Carbon tetrachloride<0.01 <0.01 <0.01 <0.01 <0.01 

1,2-Dichloroethane <0.01 <0.01 <0.01 <0.01 <0.01 

Trichloroethylene 0.06 <0.01 <0.01 <0.01 <0.01 

1,1,2,2-tetrachloro-
ethame <0.01 <0.01 0.02 0.02 <0.01 

1,1,2,2-tetrachloro-ethylene 

Acetone 

Carbon disulfide 

Benzene 

Toluene 

p-Xylene 

o-Xylene/styrene 

Ethylbenzene* 

<0.01 

<0.5 

<0.5 

<0.2 

<0.5 

<0.5 

<0.5 . 

<0.5 

<0.01 

<0.5 

<0.5 

<0.2 

20 

<0.S 

<0.5 

<0.5 

0.04 

<0.5 

<0.5 

<0.2 

<0.5 

<0.5 

<0.5 

<0.5 

<0.01 

<0.5 

<0.5-

<0.2 

<0.5 

<0.5 

<0.5 

<0.5 

0.02 

<0.5 

<0.5 

<0.2 

•<0.5 

<0.5 

<0.5 

<0.5 

•I 

- Based on response for toluene. 
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CONCENTRATION OF SELECTED ORGANIC COMPOUNDS COLLECTED 
FROM SITES AROUND MIDWAY AND KENT HIGHLANDS LAND FILLS. 

ALL RESULTS REPORTED AS uL/L • (ppm) . 

C9 ClOA ClOB C12A C12B 

Vinyl chloride 1. <1. <1. <1. . <1. 

Chloroethane <0.5 <0.5 <0.5 <0.5 <0.5 

Chloromethane <1.- <1. <1. <l. <l. 

1,1-Dichloroethylene<0.005 <0.005 <0.005 <0.005 <0.005 

Methylene chloride .0.2 0.1 0.05 <0.005 <0.005 

trans~l,2-Dichloro-

ethylene <0.005 <0.005 <0.005 <0.005 <0.005 

1,1-Dichloroethane <0.005 <0.005 <0.005 .<0.005 <0.005 

Chloroform <0.01 

1,1,1-Trichloroethane<0.01 

Carbon tetrachloride 0.01 

1,2-Dichloroethane <0.01 

Trichloroethylene <0.01 
1,1,2,2-tetrachloro

ethane <0.01 <0-01 <0.01 <0.01 <0.01 

1,1,2,2-tetrachloro-
ethylene 

Acetone 

Carbon disulfide 

Benzene 

Toluene 

p-Xylene 

6-Xylene/styrene 

Ethylbenzene* 

* - Based on response for toluene 

< 0 . 0 1 

< 0 . 0 1 

<o.or 

< 0 . 0 1 

< 0 . 0 1 

< 0 . 0 1 

< 0 . 0 1 

< 0 . 0 1 

< 0 . 0 1 

< 0 . 0 1 

< 0 . 0 1 

< 0 . 0 1 

< 0 . 0 1 

< 0 . 0 1 

< 0 . 0 1 

< 0 . 0 1 

<O.01 

< 0 . 0 1 

< 0 . 0 1 

< 0 . 0 1 

0 . 0 1 

< 0 . 5 

< 0 . 5 

< 0 . 2 

< 0 . 5 

< 0 . 5 

< 0 . 5 

< 0 . 5 

0 . 0 4 

< 0 . 5 

< 0 . 5 

< 0 . 2 

< 0 . 5 

< 0 . 5 

< 0 . 5 

< 0 . 5 

0 . 0 2 

< 0 . 5 

< 0 . 5 

< 0 . 2 

< 0 . 5 

< 0 . 5 

< 0 . S 

< 0 . 5 

, < 0 . 0 1 

<o.s 

< 0 . 5 

< 0 . 2 

1 . 

< 0 . 5 

< 0 . 5 

< 0 . 5 

< 0 . 0 1 

< 0 . 5 

< 0 . 5 

< 0 . 2 

< 0 . 5 

< 0 . 5 

< 0 . 5 

< 0 . 5 



CONCENTRATION OF SELECTED ORGANIC COMPOUNDS COLLECTED 
FROM SITES AROUND MIDWAY AND KENT HIGHLANDS LAND FILLS, 

ALL RESULTS REPORTED AS uL/L (ppm). 

C13A C13A(Dup) £13B C15 

Vinyl chloride 

Chloroethane 

Chloromethane 

<1. 

<0.5 

<1. 

— 

<0.5 

—— 

<1. 

<0.5 

<1. 

3. 

<0.5 

<1. 

1,1-Dichloroethylene 0.02 0.08 0.1 <0.005 

Methylene chloride <0.005 <0.005 <0.005 <0.005 

trans-1,2-Dichloro-

ethylene <0.005 <0.005 <0.005 <0.005 

1,1-Dichloroethane <0.005 <0.005 <0.005 <0.0,05 

Chloroform <0.01 <0.01 <0.01 <0.01 

1,1,1-Trichloroethane 0.04 0.1 0.1 0.1 

Carbon tetrachloride <0.01 <0.01 <0.01 <0.01 

1,2-Dichloroethane <0.01 <0.01 <0.01 <0.01 

Trichloroethylene 0.04 0.04 0.04 <0.01 
1,1,2, 2-tetrachloro

ethane <0.01 <0.01 <0.01 <0.01 

1,1,2,2-tetrachloro-
ethylene 

Acetone 

Carbon disulfide 

Benzene 

Toluene 

p-Xylene 

o-Xylene/styrene 

Ethylbenzene* 

0.02 

<0.5 

<0.5 

<0.5 

<0.5 

4. 

<0.5 

2. 

0.02 

<0.5 

<0.5 

<0.5 • 

<0.5 

4 

<0.5 

2 

<0.01 

<0.5 

<0.5 

<0.2 

<0.5 

<0.5 

<0.5 

<0.5 

<0.01 

<0.5 

<0.5 

<0.2 

<0.5 

<0.5 

<0.5 

<0.5 

•I 

* - Based on response for toluene. 
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CONCENTRATION OF SELECTED ORGANIC COMPOUNDS COLLECTED 
FROM SITES AROUND MIDWAY AND KENT HIGHLANDS LAND FILLS, 

ALL RESULTS REPORTED AS uL/L (ppm) . 

Vinyl chloride 

Chloroethane 

Chloromethane 

1,1-Dichloroethyle 

CW2S 

<1. 

<0.5 

<1. 

ne<0.005 

CW2M 

<1. 

<0.5 

<1. 

0.03 

CW3M 

<1. 

<0.5 

<1. 

0.05 

Methylene chloride <0.005 <0.005 <0.005 

trans-1,2-Dichloro-

ethylene <0.005 <0.005 <0.005 

1,1-Dichloroethane <0.005 <0.005 <0.005 

Chloroform <0.01 <0.01 <0.01 

1,1,1-Trichloroethane<0.01 <0.01 <0.01 

Carbon tetrachloride <0.01 <0.01 <0.01 

1,2-Dichloroethane <0.01 <0.01 <0.01 

Trichloroethylene 0.04 0.02 0.1 
1,1,2,2-tetrachloro

ethane <0.01 <0.01 <0.01 

1,1,2,2-tetrachloro-
ethylene 

Acetone 

Carbon disulfide 

Benzene 

Toluene 

p-Xylene 

o-Xylene/styrene 

Ethylbenzene* 

0.2 

<0.5 

<0.S 

<0.2 

<0.5 

<0.5 

<0.5 

<0.S 

0.1 

<0.S 

<0.S 

<0.2 

<0.5 

<0.5 

<0.5 

<0.5 

0.2 

<0.5 

<0.5 

<0.5 

<0.5 

4. 

1. 

2. 

- Based on response for toluene. 



CONCENTRATION OF SELECTED ORGANIC COMPOUNDS COLLECTED 
FROM SITES AROUND MIDWAY AND KENT HIGHLANDS LAND FILLS 

ALL RESULTS REPORTED AS uL/L (ppm). 

Vinyl chloride 

Chloroethane 

Chloromethane 

P2S 

<1. 

<0.5 

<1. 

P20D 

<1. 

<0.5 

<1. 

P20ML 

<1. 

<0.5 

<1. 

P34M 

<1. 

<0.5 

<1. 

l,l-Dichloroethylene<0.005 <0.005 <0.005 <0.00S 

Methylene chloride <0.005 <0.005 <0.005 <b.005 

trans-1,2-Dichloro-

ethylene <0.005 <0.005 <0.005 <0.005 

1,1-Dichloroethane <0.005 <0.005 <0.005 <0.005 

Chloroform <0.01 

1,1,1-Trichloroethane<0.01 

Carbon tetrachloride <0.01 

1,2-Dichloroethane <0.01 

Trichloroethylene <0.01 
1,1,2,2-tetrachloro

ethane <0.01 <0.01 , <0.01 <0.01 

1,1, 2, 2-tetrachloro-

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

ethylene 

Acetone 

Carbon disulfide 

Benzene 

Toluene 

p-Xylene 

b-Xylene/styrene 

Ethylbenzene* 

<0.01 

<0.5 

<0.5 

<0.2 

<0.5 

<0.5 ' 

<0.S 

<0.5 

0.06 

<0.5 

<0.5 

<0.2 

<0.5 

2. 

<0.5 

2. 

0.06 

<0.5 

<0.5 

<0.5 

<0.5 

4. 

1. 

4. 

0.02 

<0.S 

<0.5 

<0.2 

<0.5 

<0.5 

<0.5 

<0.5 

•I 

* - Based on response for toluene.-



! • 

CONCENTRATION OF SELECTED ORGANIC COMPOUNDS COLLECTED 
FROM SITES AROUND MIDWAY AND KENT HIGHLANDS LAND FILLS 

ALL RESULTS REPORTED AS uL/L (ppm)-

ElA ElB SIB(Rep) E2 

Vinyl chloride 

Chloroethane <0.5 <0.5 <0.5 <0.5 

Chloromethane 

1,1-Dichloroethylene<0.005 <0.005 <0.005 <0.00S 

Methylene chloride 0.01 0.01 0.05 <0.005 

trans-1,2-Dichloro-

ethylene <0.005 <0.005 <0.005 <0.005 

1,1-Dichloroethane <0.005 <0.005 <0.005 <0.005 

Chloroform <0.01 

1,1,1-Trichloroethane 0.04 

Carbon tetrachloride <0.01 

1,2-Dichloroethane <0.01 

Trichloroethylene 0.1 

1,1,2,2-tetrachloro-
ethcine <0.01 <0.01 <0.01 <0.01 

1,1,2,2-tetrachloro-

<0.01 

0.04 

<0.01 

<0.01 

0.2 

<0.01 

<0.01 

<0.01 

<0.01 

0.04 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

ethylene 

Acetone 

Carbon disulfide 

Benzene 

Toluene 

p-Xylene 

o-Xylene/styrene 

Ethylbenzene* 

0.2 

<o.s 

<o.s 

<0.2 

0.8 

<0.5 

<0.5 

<0.5 

0.3 

<0.5 

<0.S 

<0.2 

<0.5 

<0.S 

<0.5 

<0.5 

0.2 

<0.5 

<0.S 

<0.2 

<0.5 

<0.5 

<0.5 

<0.S 

<0.01 

<0.5 

<0.5 

<0.2 

<0.5 

<0.5 

<0.5 

<0.5 

- Based on response for toluene. 



CONCENTRATION OF SELECTED ORGANIC COMPOUNDS COLLECTED 
FROM SITES AROUND MIDWAY AND KENT HIGHLANDS LAND FILLS, 

ALL RESULTS REPORTED AS u L / L ( p p m ) . 

Vinyl chloride 

Chloroethane 

Chloromethane 

Flare 
1 South 

<1. 

<0.5 

<1. 

2 North 

— 

<0.5 

—— 

Flare Feed 
1 South 2 Nor 

<1. <1. 

<0.5 <0.5 

<1. <1. 

l , l - D i c h l o r o e t h y l e n e < 0 . 0 0 5 < 0 . 0 0 5 0 .05 <0.005 

M e t h y l e n e c h l o r i d e < 0 . 0 0 5 < 0 . 0 0 5 <0 .005 <0.005 

trans-1,2-Dichloro-

ethylene <0.005 <0.005 <0.005 <0.005 

1,1-Dichloroethane <0.005 <0.005 <0.005 <0.005 

Chloroform <0.01 <0.01 <0.01 <0.01 

1,1,1-Trichloroethane<0.01 

Carbon tetrachloride <0.01 

1,2-Dichloroethane <0.01 

Trichloroethylene <0.01 
1,1,2,2-tetrachloro

ethane <0.01 <0.01 <0.01 <0.01 

1,1,2, 2-tetrachloro-

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

<0.01 

0.08 

<0.01 

<0.01 

<0.01 

0.06 

ethylene 

Acetone 

Carbon disulfide 

Benzene 

Toluene 

p-Xylene 

o-Xylene/styrene 

Ethylbenzene* 

<0.01 

<0.5 

<0.5 

<0.2 

<0.5 

<0.5 

<0.5 

<0.5 

0.02 

<0.5 

<0.5 

<0.2 

<0.5 

<0.5 

<0.5 

<0.5 

0.1 

<0.5 

<0.5 

<0.2 

<0.5 

<0.5 

<0.5 ' 

<0.5 

0.1 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

<0.5 

•I 

- Based on r e s p o n s e f o r t o l u e n e -



RESULTS FROM THE ANALYSIS OF SAMPLES FOR METHANE, 
- ETHANE AND PROPANE. • 

(Ethane/methane)xlOO# (Ethane/methane)xlOOg 

C6 
C13 
P2 
17S 
17S Duplicate 
45S 
45M 
45D 
45D Replicate 
AES 
AED 
Flare Feed 1 South 
Flare Feed 2 North 

<.010 
.024 

<.010 
<.010 
<.010 
.54 

2.8 
3.9 
3.9 
<.010 
.077 
.015 
.018 

<.003 
.008 

<.003 
<.003 
<.003 
.18 
.92 

1.3 
1.3 
<.003 
.025 
.005 
.006 

! • 

Sample 

C6 
C13 
P2 
17S 
17S Duplicate 
45S 
45M 
45D 
45D Replicate 
AES 
AED 
Flare Feed 1 South 
Flare Feed 2 North 

Methane(ppm) (Propane/methane)xlOO^ 

10,000 
• i t 

* • 

100,000 
100,000 

* 

30,000 
30,000 
2,000 
9,000 

190,000+ 

60,000+ 
32,000+ 

300,000' 
260,000' 

<.01 
<.01 
<.01 
<.01 
<.01 
<.01 
.49 
.77 
.23 

<.01 
<.01 
<.01 
<.01 

# Value reported as hydrocarbon response on gc/fid. 

@ Value was converted to Moi % ratio using expected the 
conversion factor as per the letter to Parametrix dated 
April 20, 1987. 

* Indicates that the result was above the range of 
calibration that was established during these analyses. 

+ Indicates that the value was supplied by the City of 
Seattle Engineering Department. 

Indicates that the value was supplied by Parametrix, 



Standard 

CORRELATION COEFFICIENT FOR STANDARDS. 

Date Correlation Coefficient 

1,1 Dichloroethylene 

Trichloroethane 

Trichloroethylene 

Toluene 

Tetrachloroethylene 

Vinyl chloride 

March 
March 
March 
March 

March 
March 
March 
March 

March 
March 
March 
March 

March 
March 

March 
March 
March 
March 

March 

20 
23 
24 
27 

20 
23 
24 
27 

20 
23 
24 
27 

23 
24 

20 
23 
24 
27 

31 

.999 

.998 

.999 

.999 

.999 

.995 

.999 

.996 

.999 

.999 

.999 

.986 

.990 

.976 

.999 

.999 

.997 

.978 

.998 

•I 
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FARR, FRIEDMAN & BRUYA, INC. 

ENVIRONMENTAL CHEMISTS 

James K. Fair 7819 Aurora Avenue North 
Andrew John Friedman Seaale, WA 98103 
James E. Bruya (206) 783-3304 

May 2 9 , 1987 

Mr. Clyde N. Moore, P. E. 
PARAMETRIX, INC. 
13020 Northup Way, Suite 8 
Bellevue, WA 98005 

Re: Midway Landfill Project 

Dear Mr. Moore: 

Below- are the results of saunpling for vinyl chloride and 
chloromethane from sites around the Midway and Kent 
Highlands landfills. The results are reported as uL/L (v/v) 
(ppm) . 

SIA ElB • E2B Flare 2 (North) 

Vinyl chloride <1 <1 <1 <1 

Chloromethane <1 <1 <1 <1 

We regret that these results were not present in the 
original report dated April 15, 1987; however, the keys 
supplied to us did not fit the well despite several 
requests. We were disappointed that the correct key and 
proper equipment for sampling the flare were not available 
for our re-sampling on May 27^ Fortunately Ted and myself 
were able to find someone who did have a key and were able 
to eventually identify and construct the equipment for 
sampling the flare. 

Please note our new phone number: 285-3282. 

Sincerely, 

Robert J. Wallace, Chemist 

RJW/cag 
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Task 2.5.5 

1.0 INTRODUCTION 

Gas produced from the decomposition of waste in the Midway Landfill has been 
found migrating offsite. Also, methane from other sources offsite has been 
found. Methane has been detected in offsite gas probes, and has also been 
found in structures such as basements and underground utility vaults. Two 
possibilities exist. Either the offsite gas migration followed the natural 
geology underlying the landfill and vicinity, or the gas migrated offsite 
following a path or conduit created by underground utility lines or pipes, or 
both. 

The objectives of this task were, specifically, to: 

o Identify the locations of major underground utility 
lines. 

o Compare utility locations with occurrences of gas in 
households and other structures. 

City of Seattle Midway LF RI 1 March 23, 1988 



Tech. Memo 
Task 2.5.5 

2.0 METHODOLOGT 

Information on the locations of major underground utilities was compiled from 
existing maps and records. Cities of Kent and Des Moines Sewer Districts, 
Water District #75, City of Kent water supply utility amd Washington Natural 
Gas provided copies of their utility location maps. The information from 
these maps was then transferred to a common base map. Base maps were 
provided to Pacific Northwest Bell Telephone Company and Puget Sound Power 
and Light Compamy, and these utilities treuisferred their information to the 
base maps. Individual contacts were made by telephone call, letter, or both. 
The following table lists the utilities identified and the corresponding in
dividuals contacted for information included in this study. 

Utility 
Water District #75 

Washington Natural Gas 

Des Moines Sewer District 
Kent Sewer District 
Kent Water Supply 
Puget Sound Power and Light 
Pacific Northwest Bell 

Individualfs) Contacted 
Duane Huskey, Engineering/Operations 
Manager 

Jay Gibson, Supervisor of Engineering & 
Administration 

Joe Jainga, Supervisor - Public 
Improvement, Distribution Department 

John R. Henry, Manager 
Dawn Anderson, Engineer 
Don Wikstrom 
Dan Swan, Customer Service Assistant 
Mike Michaelis 

City of Seattle Midway LF RI March 23, 1988 
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3.0 RESULTS 

A map (Figure F-1 Underground Utility Lines in the Midway Landfill Vicinity) 
was prepared compiling all of the information obtained from the major 
utilities listed in Section 2.0. The map Includes complete information on 
underground lines and pipes obtained from the utilities, but does not 
include hook-ups to individual households. 

The shallow gas isopleths (Figure F-2 Shallow Gas Concentration Isopleth, 
December 1987) indicate that significant methane concentrations in the 
shallow soil zone remain in only four areas offsite. Those areas appear to 
be isolated from the landfill. A comparison of these areas with utility 
conduits in Figure 4.1 gives no indication that utility conduits are trans
mitting methane from the landfill. It is believed that the shallow gas 
detected in probe "AE", located southeast of the site, is from a nearby peat 
bog. The shallow gas detected in probe 2, north of the site, and probes 10 
and 17, west of the site, appears to be from peat, or other deposits buried 
nearby. The shallow gas in probe "AC", located southwest of the site, is 
from an unknown source. Additional monitoring, testing and evaluation of 
these areas will continue. No significant gas has been reported in struc
tures, vaults or utilities for several months. 

City of Seattle Midway LF RI 3 March 23, 1988 
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Note: All sets of probes and 
wells may not be shown. 

SCALE IN FEET 

500 1.000 

Figure F-2 
Deep Gas Concentration 
Isopletli, December 1987 
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4.0 CONCLUSIONS 

Methane gas was found to be migrating away from the landfill at shallow 
depths in 1981. It was first discovered when methane was measured in utility 
vaults, water meter vaults, catch basins and shallow bar holes. The offsite 
gas was concentrated primarily west of the landfill, on both the east and 
west side of Highway 99 (Pacific Highway South). It was believed at this 
time that gas was migrating along shallow conduits just under the ground 
surface. In 1985-86, the onsite gas extraction system was installed at the 
Midway Landfill, and in 1986-87 offsite extraction wells were installed. 
These extraction systems are believed to have stopped the migration of gas 
away from the landfill at shallow depths. Essentially all of the shallow 
offsite gas probes near the site exhibit a slight negative pressure. At this 
time it is believed that very little, if any, shallow landfill gas is 
migrating offsite. However, this observation will need to be confirmed by 
continued monitoring for gas in probes around the site. It appears that at 
this time underground utility lines are not serving as shallow underground 
conduits for landfill gas migration. 

It is recommended that periodic monitoring of utility conduits and vaults be 
performed within the four areas offsite where probes indicate shallow gas 
concentrations above the lower explosive limit. 

City of Seattle Midway LF RI 5 March 23, 1988 
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1.0 INTRODUCTION 

This technical memorandum reviews eUid interprets hydrogeologic and other data 
and constructs a picture of the potential geologic pathways for gas migration 
In the Midway Landfill vicinity. 

This study is based upon work accomplished under the geological evaluation 
subtask (2.5.1) of the Final Work Plan for the Midway Landfill Remedial 
Investigation (Black and Veatch, 1986). To develop this report, lithologic 
data from wells that existed prior to the Remedial Investigation were 
interpreted. Also used were data from Task 2.2, which includes the following 
subtasks: Groundwater Well Installation (2.2.1), Leachate Well Installation 
(2.2.5), and Aquifer Testing (2,2.2). 

When combustible gas was discovered in structures within 1000 feet of the 
Midway Leuidfill, it was assumed that gas generated by decomposition in the 
landfill had migrated off-site. The City of Seattle and the Washington 
Department of Ecology drilled exploratory gas probes and installed gas 
extraction wells to address the Immediate problem of withdrawing subsurface 
gas from the affected structures. 

However, both for the Remedial Investigation and for the longterm operation 
of the gas migration control system installed as part of the landfill 
closure, it was necessary to determine with greater certainty the source of 
the off-site gas. The Gas Characterization Technical Memorandum (Appendix E 
of the Landfill Gas Technical Report) and this technical memorandum provide 
complementary evidence of the relationship between landfill gas and off-site 
gas. Both studies also Indicate the possibility that sources other thsui the 
landfill have contributed or can contribute to subsurface gases in the Midway 
area. 

City of Seattle Midway LF RI 1 March 23, 1988 



2.0 OBJECTIVES 

The primary objective of this study was to Identify subsurface geologic 
pathways In the area surrounding the landfill through which IcUidflll gas 
might potentially migrate off-site, and to compare these potential pathways 
with known concentrations of off-site gas to construct a hypothesis of how 
the gas reached the areas In which It was found. 

In addition, the following questions were of Importance to the continuing 
operation of the gas migration control system: 

0 Are there geological conditions below the depth of the existing 
(prior to the Remedial Investigation) gas probe borings that may 
affect the functioning of the gas migration control system? 

o Will geological conditions prevent the removal of gas from the 
remaining off-site areas? 

o Do geological conditions indicate that additional migration control 
wells may be needed? 

o Are there off-site sources of subsurface gas In the area that also 
may potentially migrate beyond their immediate area? ^^— 

•I 
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3.0 EXISTING CONDITIONS 

,Residential neighborhoods surround the Midway Leindfill. Some homes are as 
close as 120 feet from the southern boundary. On the east the homes are 
separated from the leuidfill by the 1-5 corridor, on the west by the Highway 
99 corridor and its business strip, emd on the north by a small stand of 
mixed hardwood-conifer trees. 

When, in 1985, combustible gas was detected in the businesses west of the 
landfill, the landfill was suspected as a source. Exploratory borings down 
to 100 feet below ground surface provided some information about the location 
of the gas emd the underlying soil strata; however, in the initial phases of 
expedited response actions (ERAs) to remove the gas from off-site structures, 
no comprehensive evaluation was made of the surrounding area as a whole. 
Efforts to evaluate the extent of lemdflll gas off-site began soon after 
initiation of the ERAs. 

A gas migration control system was Installed on the landfill perimeter to 
draw emy gas migrating from the lemdflll back toward the lemdflll, and 
prevent further migration. Gas extraction wells were Installed in the 
affected neighborhoods to eliminate gas from the soils below. This system 
has been highly successful in removing gas from some off-site areas and 
moderately successful in others. 

For the longterm operation of the gas migration control system, more informa
tion was needed about subsurface stratigraphy amd the geologic pathways 
through which the gas had probably travelled and might potentially travel. 

During the remedial investigation, a comprehensive evaluation of the stratig
raphy underlying the landfill amd its vicinity was made by Parametrix, Inc., 
and its subcontractor. Applied Geotechnology, Inc. The Hydrogeology Techni
cal Memorandum, Appendix A of the Groundwater Technical Report (AGI, 1988), 
reports the findings of the hydrogeological investigation. The data used for 
the hydrogeological analysis included drilling logs for gas monitoring 
probes, gas extraction wells, and groundwater monitoring wells. Figure G-1 
shows the locations of wells used in this analysis. 
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4.0 METHODOLOGT 

To Identify potential geologic pathways for gas migration, aquifers underly
ing the study area and identified in the hydrogeology report (AGI 1988) were 
examined for evidence of undersaturated zones. Undersaturated zones are 
located where the potentlometrlc surface of the groundwater (i.e., the level 
to which the water would rise if it were unconfined) is below the roof of the 
aquifer, leaving a portion of the aquifer through which air emd other gases 
can travel. These zones usually contain some water and should not be 
referred to as unsaturated. 

The undersaturated zones of the aquifers Identified in the hydrogeology 
report were mapped, using hydrogeologic cross sections and potentlometrlc 
surface' data. It should be noted that potentlometrlc surface data were 
collected on September 21, 1987, a time at which the potentlometrlc surface 
was at the lower end of its yearly remge. 

The relationship of the potentlometrlc surface to the base emd roof of an 
aquifer was interpreted in the following manner for this report: 

! • 

Potentlometrlc Surface Measured 

Below base of aquifer 

Between base and roof of aquifer 

At roof of aquifer 

Potential for Gas Migration 

High in undersaturated aquifer. 

Variable, depending on thickness of 
aquifer remaining undersaturated. 

Very low--aquifer considered satur
ated. 

Above roof of aquifer Almost none—aquifer saturated and 
under pressure. 

The potential gas migration pathways were then defined by correlating 
hydrogeologic cross-sections emd noting connections between the landfill, the 
undersaturated zones, and locations off-site where the ground surface 
Intercepts the undersaturated zones. At these locations gas potentially 
could escape to the atmosphere. Potential sources emd receptors were 
reviewed in relation to the potential pathways. Potential sources of 
subsurface gas include the lemdflll, surface peat bogs, burled peat bogs, 
lake beds, and other buried wetlemd areas, small undocumented landfills, emd 
natural gas pipeline leaks. The possible receptors are homes emd business 
structures where the migration routes reach the ground surface. 

The next phase of the analysis involved comparing the potential gas migration 
pathways with known gas concentrations off-site. This was done using 
computer-generated gas concentration isopleths that Illustrate the distrlbu-

City of Seattle Midway LF RI March 23, 1988 



tion of subsurface gases by plotting data points from gas extraction wells 
and monitoring probes. 

Finally, the variables that can affect the migration of gases within the 
geologic pathways were evaluated. Some of these variables originate in the 
landfill; others originate away from the landfill; emd others are physical 
conditions or forces. 

Variables associated with the lemdflll include: 

o Gas generation within the landfill 

o Perched water tables emd moisture content within the landfill 
material 

o Characteristics of the landfill cover material, including soil 
types, thickness, compaction, and water content. Ice content may 
also have an effect, although ice content was not measured. 

o Characteristics of the contact between the upper gravel aquifer and 
the landfill 

Variables in the vicinity of the landfill include: 

o Undersaturated zones within the aquifers 

o Contacts between the upper gravel aquifer emd the sand aquifer 

. 0 Aquitards emd heterogeneities within the aqultards that may allow 
vertical migration 

o Thin sedimentary layers close to ground surface 

o Other potential sources of methane, including surface emd buried 
peat bog deposits, lake beds, emd small undocumented landfills 

o Interception of the ground surface by the main migration pathways 

. o Mem-made underground conduits for utility lines or sewers (see 
Appendix F of the Lemdflll Gas Technical Report) 

Varying physical conditions or forces that affect gas movement Include: 

; o Hydraulic conductivity emd permeability 

0 Barometric pressure 

o Fluctuations in water tables 

o Gas concentrations and mass flux 
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5.0 RESULTS 

Undersaturated zones in the aquifer underlying the Midway Landfill vicinity 
were mapped, using hydrogeologic cross sections and potentlometrlc surface 
data. The next phase of the analysis involved comparing the potential gas 
migration pathways with known gas concentrations off-site, then evaluating 
the variables that might affect gas movement. The goal was to construct, a 
hypothesis well-supported by the available data to explain how off-site gas 
had collected and to emswer the other questions listed in the Objectives 
section concerning future operation of the gas migration control system and 
sources of gas other than the landfill. 

5.1 HYDROGEOLOGICAL DESCRIPTION 

The geologic deposits in the study area consist of a variety of sediments 
with varying hydraulic properties. Figure G-2 illustrates the geologic and 
hydrostratigraphic characteristics of these sediments. Despite this com
plexity, distinct hydrostratigraphic units can be defined vithin each of the 
geologic units on the basis of similar hydraulic properties, as follows: 

Geologic Unit 

Fill, Recent Alluvium, Vashon 
Recessional Outwash, Vashon 
Advance Outwash 

Hydrostratigraphic Unit 

Perched Aquifers 

Midway Landfill 

Outwash Gravels 

Deltaic Sediments 

Landfill Aquifer 

Upper Gravel Aquitard 
Upper Gravel Aquifer 

Upper Silt Aquitard 
Sand Aquifer 
Lower Silt Aquitard 

Non-Glacial Sediments Northern Gravel Aquifer 
Southern Gravel Aquifer 

It is important to note that some of these geologic units contain both 
aquifers and aquitards. Aquifers are sediments having a large proportion of 
sand and gravel and relatively little silt and clay. This composition 
creates pore spaces through which gas, air, and water may travel. Aquitards 
are sediments consisting of all silt and clay or at least enough silt and 
clay to fill in the pore spaces between larger grains. This composition 
creates a tightly packed material that retards the movement of gas, air and 
water. However, aquitards are not totally impermeable; they are charac-
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GEOLOGIC 
UNIT 

HYDROSTRATIGRAPHIC 
UNIT 

FILL (aO 
Miscellaneous surActal fills. 

MIDWAY LANDFILL (ml) 
Refuse and miscellaneous fills within 
Ihe landfill boundary. 

PERCHED AQUIFER (see also below) 
Seasonally perched groundwater at base of fills. 

LANDFILL AQUIFER 
Perched leachate at base of landfill. 

RECENT ALLUVIUM (Qal) 
Recent fluvial and lacustrine sediments including peat. 

VASHON RECESSIONAL OUTWASH (Qvr) 
Thin scattered deposits of well sorted sand and silly sand. 

VASHON TILL (Qvt) 
Thin scattered deposits consisting of compact silt, sand, 
and gravel glacial till. 

VASHON ADVANCE OUTWASH (Ova) 
Well sorted sand deposits wilh trace gravel. 

PERCHED AQUIFER 
Seasonally perched groundwater at base of Recessional 
Outwash or in weathered Vashon Till. Saturated thickness 
several inches to several feel 

Perched groundwater in Parkside Wetland in sandy portions 
ol Recent Alluvium and in Outwash Gravels north of Landfill. 

OUTWASH GRAVELS (Qo) 
Oxidized silty sandy gravel, sandy gravel, and open work 
gravel with subordinate silt and sand lenses. Sand and silt 
proportions vary: gravel ranges Irom pebble to cobble size. 
Glacial outwash deposIL 

UPPER GRAVEL AQUITARD 
Oense till-like mixture ol silt, sand and gravel. 

UPPER GRAVEL AQUIFER 
Saturated highly permeable open work gravel and sandy 
gravel deposits associated with a buried channel al the base 
ol the Outwash Gravels. 

DELTAIC SEDIMENTS (Qd) 
lntert>edded fine grained sand, silty sand, sandy silt and sill 
Occasional silty clay lenses, silty gravel channel deposits, 
and ash layers. Trace organic matter scattered throughout 
entire deposit Sediments near base of deposit often have 
lavender cast from abundant hypersthene(?) crystals. Occa
sional dropstones. Possible glacio-iacustrine/deltaic deposit 

UPPER SILT AQUITARD 
Discontinuous layer of interbedded sill, clayey sill, and silly fine 
sand al the lop of the Deltaic Sediments. Maximum thickness 
55 feet: generally ranges between 15 and 35 feel thick. 

SANO AQUIFER 
20 to 60 foot IhKk sand beds wilh intervening silt, clayey sill, 
and silly line sand t>eds. 

LOWER SILT AQUITARD 
Discontinuous layer ol interbedded sill, clayey silt, and silly fine 
sand at base of Deltak: Sediments: generally range from 1 lo 
5 feel thick where present 

NONGLACIAL SEDIMENTS (On) 
Interbedded silly gravel, sandy gravel, silt, and silty sand. 
Silt and sand beds often have lavender cast Wood 
fragments locally abundant Tree encountered during 
drilling MW-29. Terrestrial non-glacial deposit 

NORTHERN GRAVEL AQUIFER 
Highly permeable 5 lo 30 fool thick sandy gravel channel(?) 
deposits between elevation +30 and tSO feet Potentiometric 
head greater than elevation +220. 

SOUTHERN GRAVEL AQUIFER 
Highly permeable 5 to 30 fool thick sandy gravel channel(7) 
deposits between elevations î 50 and 4̂ 110 feet. Potentiometric 
head less than elevation +175 feet 

Figure G-2 
Generalized HydrogeologiCi u:tion 



terized by lower permeability than aquifers. The hydrostratigraphic units 
underlying the Midway area are further described below. 

Perched Aquifers; Perched aquifers occur as near-surface seasonal ground
water bodies present around the landfill perched on unweathered Vashon till 
or outwash gravels. 

There are also zones of perched water within the generally unsaturated upper 
portion of the outwash gravels. Most of the perched water bodies are limited 
in extent. However, one extensive body of perched groundwater is located 
immediately north of the landfill between wells My-21 and MW-11. 

Landfill Aquifer: Leachate forms a nearly continuous body of water at the 
base of the landfill, and appears as scattered perched bodies within the 
landfill. 

Data gathered in February, 1987 from all on-site gas extraction wells and 
leachate wells showed leachate elevations an average of 30 to 40 feet higher 
in the northern half of the landfill. Leachate thicknesses also generally 
appear to increase from east to west in accordance with the general deepening 
of the original gravel pit excavation. 

Upper Gravel Aquitard; The outwash gravels, particularly the upper portion, 
are predominantly lower permeability "silt-bound" gravels that tend to retard 
groundwater movement. The upper unsaturated portion of this deposit is 
therefore defined as the upper gravel aquitard. 

The upper gravel aquitard typically occurs as 50- to 100-foot-thick beds of 
silty gravel interbedded with more permeable sand and sandy gravel zones. 
The maximum observed thickness of continuous silty gravel was nearly 180 feet 
at MW-15; the minimum was 40 feet at MW-21. The upper gravel aquitard 
extends from near land surface to the first major bodies of permeable gravel, 
which typically occur near the base of the outwash gravels. The base of the 
upper gravel aquitard therefore ranges from Elevation 240 to 330. 

Upper Gravel Aquifer; The first tnajor aquifer occurs near the base of the 
outwash gravels in a deep deposit of more permeable, sandy or open-work 
gravels that tend to be cleaner and to have less silt than the gravels of the 
upper gravel aquitard. The size and distribution of particles in this 
stratum indicate that the material was deposited in rapidly moving water, 
interpreted as glacial outwash close to a glacial front. The deposit is 
described as a buried channel extending in an arc from north to south through 
the middle of the landfill. The saturated thickness occurs at the north end 
of the buried channel, where up to 80 feet of groundwater was observed near 
MW-27 and MW-21. Gravels occupying the north end of the channel in this area 
are of relatively high permeability compared to the upper gravel aquifer in 
other areas. 

Groundwater occurs in the upper gravel aquifer generally under water table or 
only slightly confined conditions. Consequently, the upper surface of the 
saturated thickness of this aquifer can be considered as the regional water 
table. 
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Upper Silt Aquitard; A 5- to 40-foot-thick sequence of fine-grained silt and 
silty fine sand designated as the upper silt aquitard underlies the upper 
gravel aquifer throughout much of the study area. However, the aquitard is 
absent in a band extending north-south through the landfill and throughout 
most of the study area south of the landfill. There is also a "window" or 
gap in the aquitard west of the landfill near MW-17. 

The north-south window in the upper silt aquitard coincides to some extent 
with the burled channel, suggesting the upper silt aquitard was eroded from 
this area during deposition of the outwash gravels. 

Sand Aquifer; Groundwater occurs under generally confined conditions in sand 
deposits within the deltaic sediments. These saturated semd deposits and 
intervening finer-grained sediments are called the sand aquifer. Although 
the sand aquifer is confined in most areas, unconfined or water table 
conditions prevail in the southeastern portion of the study area. 

The top of the sand aquifer generally occurs between Elevations 180 and 240 
feet. The base typically occurs between Elevations 90 and 100 feet, but in 
some areas rises to above 180 feet. 

The distribution of the saturated sand deposits within the deltaic sediments 
varies considerably throughout the study area. In some areas there are up to 
80 feet of sand, while in others there are 20- to 30-foot'-thick sand beds 
with intervening 10- to 30-.foot beds of silt or silty fine sand. However, in 
most areas the sand deposits occur in one or two major zones ranging from 30 
to 80 feet thick. The sand and silt units are not as uniform as shown later 
in this report in the hydrogeologic cross sections. They actually Include a 
variety of sediments, but have been grouped into either sand or silt to 
facilitate hydrogeologic interpretation. 

Lower Silt Aquitard; Fine-grained silt and silty sand occur at the base of 
the deltaic sediments, as shown in the hydrogeologic cross sections. These 
fine-grained sediments, collectively called the lower silt aquitard, range 
from less than 10 feet to approximately 50 feet thick. The thickness and 
inferred areal distribution of the lower silt aquitard is shown in Figures 
G-4 through G-8. As illustrated, maximum thicknesses are located beneath the 
central portion of the landfill and east of the landfill. The aquitard 
appears to be absent in a band extending across the north part of the 
landfill and in the western part of the study area. 

Northern and Southern Gravel Aquifers; Groundwater occurs under confined 
conditions in gravel beds within the non-glacial sediments. The gravel beds 
typically range from 5 to 30 feet thick and are separated by intervening 
lower permeability silty sandy gravel and silt beds. There are no apparent 
lithologic differences between these gravel beds in the northern and southern 
part of the study area, but they have substantially different potentiometric 
heads, electrical conductivities (i.e., total dissolved solids content), and 
groundwater flow directions. Potentiometric heads in the northern part of 
the study area average 90 feet higher than in the southern part, and electri
cal conductivities are typically ten times less. Based on these observa-
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tions, the hydrogeologists defined two separate aquifers, the northern gravel 
aquifer and the southern gravel aquifer. The apparent boundary separating 
the two aquifers trends east-west across the middle of the landfill between 
wells MW-18 and MW-19. 

The entire sequence of non-glacial sediments at each well location is 
considered part of either the northern or southern gravel aquifer. This 
includes the intervening, less permeable silty sandy gravel and silt beds. 
Consequently, each aquifer is characterized by a less permeable and a more 
permeable section. 

5.2 MAP OF POTENTIAL PATHWAYS 

The distribution of undersaturated zones in the study area is not uniform. 
Potentiometric head measurements ranged from below the aquifer base to above 
the aquifer roof. Thus, the aquifers range from undersaturated to fully 
saturated and under pressure. (Fully saturated aquifers cannot transmit 
gas.) 

Potentially gas-bearing zones within and surrounding the landfill were 
plotted by identifying the undersaturated water-bearing sediments. At this 
stage of the analysis, these zones must be considered only as potential gas 
migration pathways. Only after comparison with historical gas concentrations 
(see Section 5.3) can the conclusion be drawn that any potential pathway did 
contain gas. Figures G-3 through G-13 Illustrate the potentially gas-bearing 
zones and identify those that are connected to, the landfill. Figures G-4 
through G-10 are geologic cross-sections of the landfill emd its vicinity. 
Figure G-3 is a key to the locations of the cross-sections. 

Figure G-13 shows the extent and thickness of the landfill-connected gas 
migration pathways and includes the elevations above mean sea level (AMSL) of 
both the potentiometric surface and the upper surface of each aquifer. The 
connected zones are generally at or above the elevation of the bottom of the 
landfill (255 feet AMSL). The landfill surface is approximately 350 to 370 
feet AMSL. 

.5.2.1 General Distribution of Pathways 

The set of undersaturated zones that connect to the landfill form a system of 
gas migration pathways through which landfill gas can move away from the 
landfill. These interconnected sediment layers are located mainly to the 
east and southeast of the landfill, with a small but notable lobe to the 
northwest. These pathways appear to occur almost exclusively within the 
upper gravel aquifer. As shown by these figures, the gravel pit into which 
the landfill was developed cuts through an undersaturated zone in the upper 
gravel aquifer. 
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• c-13 Gas Ck>ntrol Well Installed by 
Applied Geo Technology, 19S6 

Gas Probe Installed by 
Hart-Crowser, 1985, 1986 

' J ^ LW-1 Leachate Extraction Well 
Installed by Applied Geotechnology, 
1987 

® DP-1 Drive Point Groundwater Monitoring 
Well Installed in Parkside Wetland by 
Applied Geotechnology, 1987 

• AL Gas Probe Installed by Parametrix, 
1987,1988 

• AH Gas Probe Installed by 
Terra Associates, 1986 

Groundwater Monitoring Well Location 
and Number: 

9 BH-1 BH WIells Installed by 
Golder Associates, 1982 

9 MW-1 MWl A-MW6 Wells Installed by 
Golder Associates, 1985 

9 MW-7 I^W7-MW29 Wells Installed by 
Applied Geotechnology, 1987 

Approximate Boundary of 
Midway Landfill 

Geologic Cross Section Location 

^ 

Referents: USGS 7.5 Minute Poverty Bay and 
Des Moines Quadrangles. 
Photrevlsed 1973 and 1981, respectively. 

Figure G-3 
Geoiogic Cross-Section Locations 
IVIidway Landfill 
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Examples of large undersaturated units in the upper gravel aquifer are seen 
to the south of the landfill in Figures G-4, G-10, and G-11, and to the west 
of the landfill in G-9. Other undersaturated zones in the upper gravel 
aquifer that are connected to the leindfill extend to the north, east, and 
south (see Figures G-5, G-6, G-7, and G-9). 

The sand aquifer does not appear to be part of the gas migration system. It 
has much less total undersaturated area thein the upper gravel aquifer. Also, 
undersaturated zones in the sand aquifer and upper gravel aquifer do not have 
areas of contact. The sand aquifer does contain small undersaturated zones, 
shown in Figures G-6, G-7, G-8, and G-9, that are not connected to the 
IcUidfill. These isolated undersaturated zones appear where the roof of the 
Scind aquifer is arched. Except in these arches, the potentiometric surface 
of the sand aquifer is above the roof of the aquifer. 

Figure G-9 shows a zone in which the samd and upper gravel aquifers almost 
contact. An undersaturated zone in the sand aquifer is separated from a 
major undersaturated zone in the upper gravel aquifer by approximately 5 feet 
of clay or fill. This thin zone of sediment with low transmissivity would 
slow the potential movement of gas into the ScUid aquifer. Changes in 
barometric pressure would tend to move the gas horizontally rather than 
vertically. Also, there may be some standing water at the base of the upper 
gravel aquifer, creating a thin saturated zone with low gas-bearing poten
tial. For these reasons, the sand aquifer is not considered to be directly 
connected to the landfill. 

5.2.2 Specific Pathways 

North and Vest 

Figure G-6 shows a potential gas-bearing zone that extends northward past MW-
21 and toward MV-12 and MV-28 but does not extend laterally as far west as 
MW-18. 

Figure G-8 shows another migration path away from the landfill within a zone 
of sand and gravel extending west through MW-18 and appearing to surface near 
Highway 99. 

In Figure G-12 it can be seen that a layer of relatively clean (low silt) 
sand and gravel of relatively high transmissivity extends from the landfill 
through Probes PC-3 and AQ to Probe 2. Because this sand emd gravel layer is 
wet (fully saturated) or water-bearing (fully saturated and allowing notice
able movement of water), however, it acts as a barrier to landfill gas 
migration toward Probe 2. The cross section does not give stratigraphic 
clues to the origin of the gas found in the probe, but it does indicate that 
the landfill is not the probable source. 

Similarly, Figure G-11 shows no pathway from the leUidfill toward gas Probe 
AC, which also has had high gas readings in the past. Probe AC is separated 
from the Isuidfill by glacial till and till-like materials interspersed with 
thin layers of sand or sand and gravel. The thin sand layers in which gas 
has been detected in Probe AC do not connect back to the laindfill. 
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East amd South 

A major pathway for gas migration is formed by the upper gravel aquifer where 
it extends east of the landfill approximately 1250 feet to Military Road (see 
Figure G-9). Gas may pass from the landfill through a relatively thin zone 
of sand amd gravel in the vicinity of MW-14 and into a much thicker layer of 
sand in the vicinity of MW-23. This layer then branches into at least three 
zones that extend eastward toward MW-29. The main branch then joins a thick 
samd amd gravel layer (also part of the upper gravel aquifer) running north-
south beneath Military Road. The northern end of this pathway appears to 
decrease rapidly in thickness from over 150 feet to less than 10 feet between 
MW-23 and MW-13. It ends to the south of gas extraction well C-13, where it 
intercepts ground surface. As shown in Figure G-10, this samd amd gravel 
layer also contacts a subsurface layer of silt that surrounds Probe AE. This 
silt layer is interpreted as a former peat bog. While it is a probable 
source of methane, it is also a unit of low tramsmissivity. 

Gas that is detected in Probe AE or well C-13 or found to be exiting the 
outwash gravel layer along the slope is more likely to be generated by the 
former peat bog tham the landfill. (This will be discussed further in 
Sections 5.4.3 and 5.4.4.) 

Gas leaving the landfill to the east cam also migrate into a layer of sand in 
the vicinity of MW-23 that trends eastward amd upward toward the ground 
surface. This interception of the sand layer at the grotond surface, which 
could also be thought of as a vent, occurs in the vicinity of Mili::ary Road 
and South 251st Street, between MW-23 and MW-15. 

Another gas migration path, shown in Figure G-6, is within a zone of samd amd 
gravel extending south from the landfill past monitoring wells MW-7 amd 
MW-24. It is not known if this sediment layer reaches the ground surface. 

5.3 HISTORICAL GAS CONCENTRATIONS 

Gas concentration isopleths illustrate the distribution of subsurface gases 
by plotting data points from gas extraction wells amd monitoring probes. 
Figures G-14 and G-15 show shallow amd deep gas concentrations for February 
1986. Figure G-16 shows deep gas concentrations for September 1986. The 
relation of these plotted concentrations to the migration pathways identified 
in Figures G-4 through G-12 will be discussed in Section 5.4 after considera
tion of the variables affecting gas movement. 

5.4 VARIABLES THAT AFFECT GAS MOVEMENT 

5.4.1 Physical Factors Related to the Landfill 

Landfill Gas 

After refuse has been in place one to two years, it begins to generate 
methane gas. For a particular deposit of refuse, the gas generation rate 
peaiks two to five years after burial, depending on moisture content and air 
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Deep Gas Concentration 
Isopleth, February, 1986 
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exclusion. After peaiking, the rate for a particular deposit slowly decreases 
with time. In ten years, more than half of the total gas will usually have 
been generated. Generation at continually decreasing rates can extend thirty 
years amd more. 

The Midway Lamdfill is a combination of a large number of particular deposits 
begun in 1965 amd ended in 1983. The lamdfill gas generation began in 1966 
or 1967, increased as additional refuse was deposited, and peaked in about 
1987. 

As the landfill generates gas, a small positive pressure is created, pushing 
the gas away from the origin of generation. The gas will move fastest 
through paths of least resistance, which include porous portions of the solid 
waste, porous cover material, utility conduits, amd layers of more permeable 
soil stratigraphy around the site. 

Landfill Cover Material 

During the years of landfill operation, the cover applied probably tended to 
be thin (0-12" thick), amd often contained sands and gravels. This would 
allow the gas to vent through the cover relatively easily. Some loads of 
material with a high percentage of silts and clays were also received. Where 
those were used for cover, they would tend to restrict gas venting through 
the surface. Later, after additional layers of solid waste had been depos
ited, these silt-clay cover areas created perched water tables within the 
lamdfill. The aunount and extent of perching increases during the rainy 
season. These perched water tables restrict gas movement within the lamd
fill. 

As the lamdfill neared the end of its active life for solid waste disposal, 
covering practices were chamged. Over increasing areas of the site, the 
cover placed was thicker amd was compacted better, and a portion of the cover 
material included a higher percentage of silts amd clays. This reduced the 
ability of the gas to vent through the cover in those areas. Further 
reductions in cover permeability occur each winter when the cover is satur
ated by rainfall and when the water at the surface occasionally freezes. 

Contacts Between the Upper Gravel Aquifer amd the Landfill 

The excavation in which the landfill was developed intercepts the upper 
gravel aquifer. This creates a path of direct access to the upper gravel 
aquifer. There is a good potential for gas to migrate from the lamdfill into 
the upper gravel aquifer, amd from the aquifer back to the lamdfill. 

5.4.2 Variable Physical Conditions or Forces 

Barometric Pressure 

Barometric pressure fluctuations, together with the gas generation pressure, 
produce complex gas migration dynaunics. The low gas generation pressures in 
the lamdfill initially move the gas away from the points of origin through 
the paths of least resistance. The generation pressures are estimated to be 
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in the range of two inches of water column, based upon measurements in other 
lamdfills. Atmospheric pressure is measured with a barometer as inches of 
mercury. One inch of mercury equals 13.5 inches of water column. Chamges in 
atmospheric pressure of -0.7 inches of mercury or -9.5 inches of water column 
are common during the winter months as .high pressure ridges give way to low 
pressures during storms. This can create a relatively strong pressure 
differential between the air or gas within the soil or lamdfill, and the air 
at the ground surface. 

The air or gas within the soil or the lamdfill tends to flow toward the 
ground surface through the paths of least resistance in response to this 
pressure differential. This is referred to as the expansion phase during a 
falling barometer. In the lamdfill prior to the operation of the active gas 
migration control system, the gas would vent to the atmosphere through the 
cover more rapidly where the cover was most permeable and where there were no 
perched water tables. In the soil around the landfill, there would be 
restricted but significant air or gas movement vertically from the under-
saturated samd and upper gravel aquifers through the upper gravel aquitard to 
the ground surface. There would also be horizontal movements through the 
undersaturated upper sand amd gravel aquifers toward areas where they contact 
the ground surface. The upper sand aquifer contacts the surface east of the 
landfill (Figure G-9), and the upper gravel aquifer contacts the surface 
along the west slope of the Kent valley. West of the site near Highway 99 
the near-surface samd and gravel aquifer contacts the surface (Figure G-8). 
Similar horizontal components of gas amd/or air movement would have occurred 
through lenses of permeable soil within the aquitards, and in thin sedimen
tary layers close to the ground surface. 

During rising atmospheric pressures, similar gas/air movements take place, 
but in reverse directions. Air from the ground surface tends to move down 
into the soil both vertically amd horizontally through the undersaturated 
aquifers described above. However, this reverse movement is not sufficient 
to push back all the lamdfill gas that has diffused away from the lamdfill 
through the soil pores during the expamsion phase. 

The combined effect of the generation pressures amd the repeated expamsion 
phases during falling barometers would be a pumping action within the soils, 
which, over time, could have moved the gas up to 2600 feet horizontally from 
the lamdfill (its maximum observed extent). Then gas would move to the soil 
surface in some areas with every storm front and falling barometer. 

Operation of the active gas migration control system has created a vacuum in 
and around the lamdfill, eliminating the gas generation pressure, and moving 
the gas slowly back toward the lamdfill. Rising barometric conditions help 
the horizontal amd vertical components of that movement, but the diffusion 
within the soil pores slows the process. Falling barometric conditions could 
still cause gas to vent to the ground surface if there are areas beyond the 
influence of the migration control system vacuum where gas in significant 
concentration remains in the ground. No instances of this are known. 
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Hydraulic Conductivity and Permeability 

Where sediment layers are undersaturated there is a high positive correlation 
between their ability to tramsport gas or air and their ability to transport 
water. The ability to transport water is expressed in both hydraulic 
conductivity and permeability. Hydraulic conductivity is the rate of flow of 
fluids such as groundwater or gas through a porous medium. It is dependent 
on the physical properties of the fluid (kinematic viscosity) amd the nature 
of the pore spaces. In aquifers, hydraulic conductivity is highly direc
tional, because of the complex geometry of pore spaces in the nonuniform 
deposits characteristic of glacial outwash. That is, hydraulic conductivity 
will vary in such deposits depending on the direction of flow. Hydraulic 
conductivity is expressed in units of length/time as cm/sec, or in units of 
volume/time/area, as gal/day/ft^. 

Intrinsic permeability is a measure of the relative ease with which a porous 
material can transmit a fluid. It is a property of the porous material, and 
is independent of the nature of the fluid and the force causing movement. 
Intrinsic permeability is dependent on the size and shape of the pores 
present in the material. Permeability units are expressed in length units 
squared (L^). 

Tests for hydraulic conductivity and permeability performed by Applied 
Geotechnology, Inc. (1988) show good potential for gas migration within the 
imdersaturated zones within both aquifers. Slug tests for hydraulic conduc
tivity show values for the aquifers similar to those expected for cleam to 
silty samd; in contrast, the upper gravel aquitard that lies above the upper 
gravel aquifer has a conductivity value similar to that expected for un
weathered clay (Freeze amd Cherry 1979). 

According to AGI's tests, the hydraulic conductivity of the upper gravel 
aquifer is 5.5x10"^ cm/sec, which equates to 12 gal/day/ft^. The hydraulic 
conductivity of the samd aquifer is 2.9x10"^ cm/sec, which equates to 62 
gal/day/ft^. In contrast, the hydraulic conductivity of the upper gravel 
aquitard (based on a single measurement) is 2.3x10"° cm/sec, which equates ta 
0.00049 gal/day/ft^. The results of AGI's permeability tests supported the 
results of the hydraulic conductivity tests. Both hydraulic conductivity and 
permeability correlate positively with mass flux. 

Gas Concentrations and Mass Flux 

Gas, air amd water may be found in almost any sedimentary material; the 
speed with which these substamces migrate (mass flux) will vary. A well 
drilled into amy sedimentary material may have a high gas concentration, but 
the mass flux of gas through that sediment material and the time it took to 
reach that concentration will vary. 

For example, a silt layer in contact with a source of gas will take in that 
gas, and over years will build up a large concentration. When a well is 
drilled into that silt, the disturbed sediment will release the gas amd a 
high reading may be recorded. However, the mass flux in the silt is low, amd 
the rate of movement from beyond the disturbed sediments is low. A completed 
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extraction well in a low mass flux sediment may only collect a low flow of 
gas. On the other hamd, am extraction well in a high flux, gas bearing 
sediment may show a continuous high flow of gas, as the gas in that sediment 
is free to move toward the well. 

Water Table Fluctuations and Gas Pockets 

The movement of gas in aquifers may, in some situations, be controlled both 
by combinations of irregularities in the upper surface of gas-tramsmitting 
sediment layers and fluctuations in the water table. Gas may be trapped in 
pockets in these upper surfaces when the water level rises, and be released 
during periods of declining water table levels. Trapped gas may not be 
detected in nearby monitoring probes until the water table drops. Then the 
released gas can be detected. The smaller the irregularity in the upper 
surface, the smaller the chamce that the gas pocket created will be detected. 
There are probably numerous such gas pockets within the study area. 

Rising water tables during the winter in the samd and upper gravel aquifers 
may also help to move gas in the soil to the ground surface. Seasonal 
fluctuations have been in the ramge of 1 to 8 feet in most monitoring wells, 
but two wells near the western border of the site, BH-8 and MW-8A, varied 20 
to 24 feet. This rising water would slowly push amy gas in the soil toward 
the ground surface. 

5.4.3 Variables in the Landfill Vicinity 

Contacts Between Aquifers 

It is unlikely that gas can migrate between the samd aquifer amd the upper 
gravel aquifer without having to travel through groundwater. This is shown 
in the results of the groundwater and leachate well drilling program. 
Although the two aquifers have large areas of mutual contact, these contacts 
appear to be saturated. It is possible that undiscovered undersaturated 
zones are present through which migration can occur. 

Surface Sedimentary Layers 

Minor aunounts of gas, whether generated within the landfill or entering the 
lamdfill from an outside source may travel for short distamces within 
connected thin layers of sand or connected, relatively less well compacted 
sediments immediately below the groimd surface. These thin layered sediments 
would be likely to transport or contain gas if in contact with the landfill 
or other source of gas. Non-intercepted layers would not receive gas 
directly from the lamdfill as they are isolated from the upper gravel or sand 
aquifers by the upper gravel aquitard. However, they may receive gas by 
vertical migration through aquitards as described below. 

Interception of Aquifers by Ground Surface 

Where undersaturated aquifers that may transmit gas extend to the ground 
surface, gas may escape or vent in significant quantities. One such vent 
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will be discussed later in Section 5.5. The landfill surface is another 
release point for gas. 

Vertical Migration throueh Overlying Aquitards and Heterogeneities 

The aquitards overlying the upper gravel aquifer and the sand aquifer appear 
to severely limit the vertical migration of gas between aquifers. In 
reality, these aquitards may be as saturated with gas as the aquifers, but 
the velocity at which the gas moves through the aquitard is reduced by 2 to 6 
orders of maignitude because the hydraulic conductivity amd permeability are 
low. For this reason, the aquitards release smaller quantities of gas to an 
overlying sediment or to the ground surface than do aquifers. Gas releases 
to the ground surface have apparently occurred up to 2000 feet east of the 
landfill amd 600 feet west of the lamdfill/ as shown on Figure G-11. 

Heterogeneities in the sediments can also affect the speed and direction of 
gas movement through the sediments. These heterogeneities consist of 
variations in the range amd sorting of grain sizes as well as the density of 
a sediment. Gas can migrate more easily through sediments with lower 
proportions of silts and clays, such as buried streaun channels amd other 
sediments deposited locally within a high energy environment; however, it 
would tend to move around sediments with greater proportions of silts and 
clays, such as buried lake beds, peat bogs, amd other sediments deposited 
locally in a low energy environment. 

Other Potential Sources of Gas 

Interpretations of sediment cross-sections show the possible presence of 
buried peat bog deposits, lake beds and other buried wetland areas. These 
can be wherever a small, lens-shaped body of silt or clay is observed. 
Numerous small beds noted in the drilling logs may be composed of such fine
grained materials. An even greater number of such beds may have gone 
undetected. In one boring a tree over six inches thick was encountered at 
roughly 350 feet below the ground surface. Burled organic material not 
reached by oxygen may still be generating background levels of 200 ppm or 
more of methame after thousands of years. These concentrations are detected 
in probes farther from the landfill. 

5.4.4 Gas Migration Control System 

The present gas extraction system on the Midway Landfill is having an effect 
on the movement of lamdfill-generated gas in the proximity of the landfill. 

The gas migration control system has been observed to pull landfill-generated 
gas that has migrated away from the landfill back toward the lamdfill. It 
appears that any sedimentary layer that has transmitted lamdfIll-generated 
gas will also be Influenced by the gas extraction system. The change in 
movement in any sediment layer is likely related to past relative mass flux 
amd conductivity. 
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Data show that the gas extraction system has been particularly effective in 
the large gas migration pathways identified in this report. To the southeast 
of the lamdfill in a line from groundwater monitoring well MW-24 through 
Probe AF, extraction well C-13, and Probe AE (see Figures G-3 and G-10), amd 
to the east of the landfill in a line through MW-23, Probes 50, 44 and 81, 
amd Probes AH and AE (see Figure G-3 for well locations), the gas extraction 
system has been shown to lower methane levels in all wells except those 
apparently Influenced by non-landfill sources of methame. Table 1 shows 
chamges in methane levels in these wells over the two-year period from 
January 1986 to December 1987. 

Table 1. Changes in off-site methane levels. 

Southeast from MV-24 to Probe AE 

MW-24 ! AF C-13 AE 
January 1986 
December 1987 2X 

15% 
7X 

1.3% 13% 
35% 

South from MW-23 to Probe AS 

! • 

January 1986 
December 1987 

MW-23 
20% 
7% 

50 
1% 
0.12% 

44 
NA 
NA 

81 
2.7% 
2.8% 

AH 
0.008% 
0.01% 

AE 
13% 
35% 

Note: Units are percent gas by volume. 

The Increase in the methane level in Probe AE over this two-year period does 
not appear to be related to the landfill. The shallow completion of Probe AE 
is in the silt layer described in Section 5.2 and shown in Figure G-10, 
interpreted as a former peat bog. The deep completion is in a zone of poorly 
sorted gravel (glacial till), also containing sufficient silt to give it 
relatively low permeability. These hydrogeologic characteristics shown in 
cross section G-G' (Figure G-10) suggest both that-the movement of landfill 
gas would be retarded in this area and that the influence of the negative 
pressure (vacuum) exerted by extraction well C-13 would be slight. 

Both hypotheses are supported by gas pressure data from Probe AE. Monitoring 
probes that are under the influence of am active vacuum extraction system 
generally will show negative pressure in the deeper soil zones with slight 
fluctuations in response to barometric changes. Probe AE shows wide swings 
from positive to negative pressure in both deep and shallow zones whether C-
13 is on or off. This indicates that C-13 is having little or no effect on 
Probe AE. While other factors that may be affecting Probe AE are not known, 
it cam be said with some certainty that the landfill is probably not one of 
them. 
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5.5 DISCUSSION 

It would appear that the undersaturated portions of the upper gravel aquifer 
formed the major gas migration pathway t o the east and southeast of the 
landfill (Figure G-6 and G-9), allowing gas to migrate up to 2600 feet from 
the landfill. This affected area extended from 1-5 to the east of Military 
Road and is demonstrated in Figure G-15 by the deep gas concentration 
isopleth for February 1986 (see Appendix B, Off-Site Gas Probes). The gas 
could have been drawn to the ground surface by the pumping action of baromet
ric chamges, contributing to the gas in shallow soils east of the lamdfill 
near Military Road shown on Figure G-14, the shallow gas concentration 
isopleth for February 1986. The undersaturated portion of the upper gravel 
aquifer does not extend to the southeast as far as Probe AE (see Figure G-3 
iand G-10). It does not appear that significant quamtities of landfill gas 
would have migrated to the area around Probe AE; furthermore, fluctuations in 
methane levels and gas pressures over time in Probe AE suggest that this 
probe is beyond the influence of the gas migration control system amd that 
the silt layer surrounding the probe is probably a former peat bog, which is 
itself a source of the methane detected in the probe. 

The undersaturated portion of the upper gravel aquifer also could have been 
the major gas migration pathway to the south of the lamdfill, allowing gas to 
migrate up to 2000 feet from the lamdfill, as shown in Figure G-13. However, 
the upper gravel aquitard appears to have been impermeable enough to limit 
gas movement to the ground surface. Shallow gas has never been found in 
probes here (see Figure G-11). The affected area extends from the lamdfill 
to S. 259th PI. between 29th Avenue S. amd 1-5. The undersaturated portion 
of the upper gravel aquifer does not extend to Probe AC southwest of the 
lamdfill, east of Highway 99 at about S.257th St. It does not appear that 
landfill gas would have migrated to the area around Probe AC, or that gas 
being generated in the vicinity of Probe AC would migrate any significant 
distance. 

The undersaturated portion of the upper gravel aquifer also appears to be a 
gas migration pathway for a short distance west of the landfill (Figure 
G-12), but here again the upper gravel aquitard appears to have been imperm
eable enough to limit gas movement to the ground surface (Figure G-11). The 
area affected was from the landfill to Highway 99, between S. 249th St. and 
S. 252nd St. 

And finally, the undersaturated portion of the upper gravel aquifer could 
have been a gas migration pathway for a limited distamce northwest of the 
lamdfill (Figure G-12). However, the upper gravel aquitard and am overlying 
perched water table appear to have limited gas movement to the ground 
surface. The area affected was from the lamdfill north to about S. 244th 
St., between Highway 99 and 30th Avenue S. extended. The undersaturated 
portion of the upper gravel aquifer does not appear to extend to Probe 2, 
just south of the Midway Drive-in Theater. It does not appear that landfill 
gas would have migrated to the area around Probe 2, or that gas being 
generated in the vicinity of Probe 2 would migrate any significant distance. 
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The undersaturated portions of the upper gravel aquifer east of the lamdfill 
and the near-surface samd amd gravel layer west of the landfill both probably 
contributed directly to gas migration away from the lamdfill amd surface 
venting of gas into structures. Affected areas east of the landfill between 
34th Ave S. and Military Road and west of the landfill between the landfill 
and Highway 99 appear on Figure G-11. The near-surface samd amd gravel layer 
does not extend near the Parkside Wetland near Probes 10 and 17. It does not 
appear that landfill gas would have migrated to the area around Probes 10 and 
17, or that gas being generated in the vicinity of Probes 10 and 17 would 
migrate amy signlficamt distance. 

Pathways for gas transport may also exist in relatively less well compacted 
sediments near the ground surface, and in thin layers of sand. Other 
heterogeneities, such as those due to sediments deposited locally within a 
high energy environment, affect the speed and direction of gas movement and 
may allow vertical gas movement through the gravel aquitard to the ground 
surface in some areas. 

The on-site gas migration control wells have established a strong vacuum 
influence in the undersaturated aquifers and aquitards underlying amd sur
rounding the Midway Landfill. This vacuum is slowly pulling gas back to the 
site, and it appears that no geological conditions exist that would prevent 
the removal of gas from the remaining of f-site areas. It does not appear 
that amy additional migration control wells would be needed or even speed up 
the gas removal process. There are no indications of amy geological migra
tion pathways that are below the gas probe borings and that could affect the 
functioning of the gas migration control system. 
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6.0 CONCLnSIONS 

This investigation indicates that physical conditions form gas migration 
conduits amd influence the movement of subsurface gas in and around the 
Midway Lamdfill. These conditions permit the migration of subsurface gas 
from the landfill to the surrounding area, or from the surrounding area to 
the lamdfill. Among these conditions are the relative positions of amd the 
contacts among the upper gravel aquifer, the samd aquifer, the near-surface 
sediment layers, and the landfill. Thin, shallow surface sediments may also 
be involved. These conditions had the following effects on gas migration 
prior to the operation of the gas migration control system: 

o Gas migration occurred between the lamdfill and the upper gravel 
aquifer, as detected in probes east amd south of the site. 

0 Gas movement occurred within zones of aquifers that are not totally 
saturated and are found extensively east, southwest, and south of 
the lamdfill, to a limited extent west amd northwest of the 
landfill, amd to a very limited extent north of the landfill. 

0 Gas movement occurred between aquifers, but at a slower rate. 

o Only small amounts of gas could have migrated from the upper gravel 
aquifer to the ground surface, except where the upper gravel 
aquifer is intercepted by the lamdfill. 

0 Gas migration occurred in thin, shallow, near-surface sediment 
layers, as detected west of the site. 

0 Only small amounts of vertical migration through heterogeneous 
zones within less permeable sediments could have occurred, and 
there is no evidence that it did occur. 

0 There are no indications of amy geological migration pathways that 
are below the gas probe borings and that could affect the function
ing of the gas migration control system. 

o It appears that no geological conditions exist that would prevent 
the removal of gas from the remaining off-site areas. 

0 It does not appear that any additional migration control wells 
would be needed or even speed up the gas removal process. 

o Some gas appears to be generated off-site in the vicinity of Probes 
AC (southwest), AE (southeast), 10 and 17 (Parkside Wetland, west), 
or 2 (north). There is no indication that this gas would migrate 
any significant distamce, either naturally or due to the influence 
of the migration control system, or that geologic gas migration 
pathways would have allowed large quantities of lamdfill gas to 
reach those areas. 
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PREFACE 

This Draft Technical Memoramdum was prepared as part of the Midway Landfill 
Remedial Investigation lamdfill gas studies. It is issued here as Appendix H 
of the Landfill Gas Technical Report. Recently collected additional data 
concerning tritium activity in on-site and off-site gas saimples are currently 
being analyzed and will be incorporated into a final draft of the Special Gas 
Characterization Technical Memorandum to be issued separately. 
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1.0 INTRODUCTION 

1.1. GENERAL BACKGROUND 

This Technical Memorandum discusses special gas characterization 
investigations conducted as part of the Midway Landfill RI under the 
direction of the Washington State Department of Ecology. The purpose of this 
particular study was to develop a method for distinguishing methane gas 
produced by the decomposition of Midway Landfill materials from methane gas 
produced by other sources (e.g., peat bogs, wetlands, br commercially 
supplied natural gas). The ability to distinguish between sources of gases 
with similar methame composition was considered essential to determine the 
source of gas products detected near the Midway Landfill site. Subsurface 
gases from the landfill amd surrounding areas were amalyzed for differences 
in activity levels of naturally occurring radioactive isotopes (carbon-14 and 
tritium). 

Combustible gases, predominamtly methane, have been detected in both on-site 
and off-site subsurface gases. On-site combustible gases produced by the 
decomposition of the material in the landfill are being collected by a gas 
extraction well system amd burned at two temporary flare installations on-
site. Off-site migration of landfill gas is being monitored at numerous gas 
monitoring probes amd off-site gas control wells located in neighborhoods 
surrounding the landfill. Off-site combustible gases are being controlled 
using both the on-site gas extraction system and off-site gas control wells. 

Some of the combustible gas detected off-site is believed to have migrated 
from the landfill. However, it is possible that the lamdfill is not the only 
source of gas detected off-site. Some of this gas may be originating from 
peat bogs, wetlands, commercially supplied natural gas, amd other sources of 
combustible gas, such as the Parkside Wetland near probes 10 and 17 (Figure 
1). 

1.2 THEORKTICAL BACKGROUND 

Carbon-14 and tritium (-̂ H) are radioactive isotopes of nonradioactive carbon-
12 and hydrogen (^H). The proportion of carbon-14 and tritium occurring in 
nature is extremely small but measurable using sensitive radiation monitoring 
techniques. The monitoring instruments sense the bursts of energy or 
radiation that occur as the isotopes tramsform (decay) from their unstable 
radioactive forms (̂ Ĉ amd -̂ H) to their more stable nonradioactive forms. 
Both carbon-14 and tritium existed in nature prior to the nuclear age. Since 
the advent of the nuclear age (about 1950), the ratio of ^^C to ^^C and -̂H to 
^H has increased substamtially as a result of nuclear testing. 

These radioactive isotopes are incorporated into the tissues of plants amd 
animals in the same manner as nonradioactive ^^C and ^H and in the same 
proportions as the isotopes occur in the atmosphere (in the case of carbon) 
and in rainwater (in the case of tritium) at the time of tissue growth. Once 
in the tissue, the proportions of ^^C to ^^C and -̂H to ^H do not change 
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except through the decay of the unstable forms. By knowing both the ratios 
of '•^Ci'-^C and •̂ H:̂ H in prior years and the current level of radioactivity in 
plant and animal tissues, the age of any tissue or anything derived from that 
tissue can be estimated. 

The original goal of the Midway Landfill radiological investigations was to 
establish the age of the subsurface gas samples collected from on-site and 
off-site locations by analyzing their carbon-14 content. It was believed 
that methane gas produced by the Midway Landfill would exhibit a higher level 
of carbon-14 activity, whereas methane gas produced by a peat bog or other 
natural source would exhibit a lower carbon-14 activity. 

Prior to 1951, the ratio of carbon-14 to carbon-12 in the atmosphere was 
constant; the radioactivity level associated with that ratio was constant and 
was labeled Modern Standard Activity (MSA). MSA is defined as either 6.1 
plcoCurles per gram of carbon, or 13.56 disintegrations per minute (dpra) per 
gram of carbon. Above-ground nuclear weapons testing during the late 1950s 
through the mid-1960s increased the ratio of carbon-14 in the atmosphere (see 
Figure 2). Therefore, all plants and animals living since 1950 have an 
elevated level of carbon-14 that is more or less identical to the carbon-14 
content of the atmosphere during their lifetimes. For example, agricultural 
products grown during 1987 will have carbon-14 activity of about 118% MSA 
(See Figure 2). 

As discussed in Section 4.0 of this memorandum, carbon-14 analysis did not 
prove to be as valuable as had been hoped in distinguishing between methane 
from the landfill and methane from other sources. Therefore, tritium was 
investigated as a means for making the distinction. 

The radioactive (tritium) and nonradioactive forms of hydrogen react 
chemically in the same way and are found in the same proportion in water as 
in the atmosphere. The small amount of tritium present and measurable in 
rainfall is considered the "background" level for this isotope in nature-
Prior to the beginning of above-ground nuclear testing, tritium levels were 
at or below the current background levels of 15-20 tritium units (TU) 
measured in rainfall (TU = one tritium atom in 10 x 10^° hydrogen atoms). 
Between 1955 and 1970, tritium activity in rainfall ranged from background to 
as high as 1000 TU. Because tritium levels are extremely variable, no 
general curve like that for carbon-14 activity over time is available for 
tritium activity over time. However, groundwater or organic matter older 
than 30 years (prior to above-ground nuclear testing) would show less than 
20% of its original level of tritium activity. Organic matter older than 100 
years would contain tritium activity at levels that are nearly non-
detectable. Thus, it would be expected that methane gas produced by a peat 
bog or other older sources would show lower levels of tritium activity than 
the gas produced by Midway Landfill. 
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2.0 OBJECTIVES 

The objective of the special gas characterization segment of the Remedial 
Investigation was to determine whether the methane gas found off-site 
originated from the decomposition of Midway Landfill materials or from some 
other source. The purpose of this particular study was to establish the 
validity of a sampling and analysis method that would distinguish between 
methane produced in the landfill and methane produced by other sources, such 
as underlying peat deposits or natural gas lines. 

! • 
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3.0 METHODOLOGY 

Five sampling rounds for methane gas were conducted between June and October 
of 1987. Samples were collected from the on-site flare system and from off-
site subsurface soil probes that contained gas with relatively high levels of 
methane (10-45% methane or combustible gas) or which were known to be near 
wetland areas, such as probes 10 and 17 (see Figure 1). A sixth sampling 
round is currently in progress. 

The first two sampling rounds (sets A and B) were conducted by Black & Veatch 
for the Department of Ecology and included the north and south flare feed 
lines on-site and probes 10 and 17 off-site. Sampling rounds three through 
six (sets C-F) were conducted by Parametrix under the direction of the City 
of Seattle. Sample sets C and D included the north and south flare feed 
lines and probe 85-D. Sample Set E included off-site probes 2-S, 17, 37-D, 
85-D, AC-S, and AE-S, plus a sample of gas supplied by Washington Natural Gas 
from a furnace connection In a house owned by the City of Seattle in the 
Midway Landfill area. Sample Set F, the current round, includes the same 
sites as Set E, plus AF-D, the north and south flare feed lines, and 
monitoring well 15. (See Figure 1). 

Sampling rounds for Sets E and F were added when it became apparent that the 
elevated beta activity found in the landfill gas was not attributable to 
carbon-14. Two gas amalysis methods were used. Sample Set A was analyzed 
for total beta activity (carbon-14 and tritium). Sets B, C, and D were 
analyzed for carbon-14 beta activity only and Sets E and F for tritium 
activity only. Table 1 lists the location, date, collection method, 
analysis, laboratory, and collector of each sample set. 

3.1 FIELD SAMPLING TECHNIQUES 

All gas samples except those for Set D were collected in Tedlar bags using 
either a bellows-type foot pump or a Brailsford TD-2N high-efficiency 
electric pump. The Brailsford pump was necessary for samples that were taken 
from probes with a relatively high vacuum of gas maintained by nearby off-
site gas control wells. The Tedlar bags were filled passively by creating a 
vacuum around the bag contained within a sealed housing ("Pelicase") and then 
allowing gas to enter the bag through Teflon tubing. 

Evacuated stainless steel cylinders were used to collect gas samples for Set 
D at the request of Teledyne Isotopes, which performed the laboratory 
analyses for this set. Cylinders were hooked up to probes by fitting one end 
of a piece of Teflon tubing onto the gas cylinder valve and hooking the other 
end directly to the gas probe. The vacuum in the cylinder was of sufficient 
magnitude that the gas from the probe filled the cylinder until the pressures 
were equalized. 
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Table 1. Summary of sampling events conducted for special gas 

characterization. 

Sample Set A - Collected by Black & Veatch for Ecology 

Probes 10 and 17 and north amd south flare feed lines. 

Date of Collection . Collection Method Analysis Performed. Laboratory 

6/87 Tedlar Bag Total Beta Activity . Krueger/ 
(Carbon-14 and Geochron 
Tritium) Laboratories 

! • 

Sample Set B - Collected by Black & Veatch for Ecology 

Probes 10 and 17 and south flare feed line. 

Date of Collection Collection Method Analysis Performed 

8/10/87 Tedlar Bag Carbon-14 Activity 

Sample Set C - Collected by Parametrix, Inc. 

Probe 85-D and north and south flare feed lines. 

Date of Collection Collection Method Analysis Performed 

7/27/87 Tedlar Bag Carbon-14 Activity 

Laboratory 

Krueger/ 
Geochron 
Laboratories 

Laboratory 

Krueger/ 
Geochron 
Laboratories 

Sample Set D - Collected by Parametrix, Inc. 

Probe 85-D and north and south flare feed lines. 

Date of Collection Collection Method Analysis Performed 

7/27/87 

Laboratory 

Evacuated Stainless Carbon-14 Activity Teledyne 
Steel Cylinder (Total Beta Activity) Isotopes 
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Table 1. (Continued) 

Sample Set E - Collected by Parametrix, Inc. 

Probes 2-S, 17, 37-D, 85-D, AC-S, AE-S, and methane from Washington Natural 
Gas. 

Date of Collection Collection Method Analysis Performed Laboratory 

10/23/87 Tedlar Bag Tritium Activity Krueger/ 
of Methane Hydrogen Geochron 

Laboratories 

Saunple Set P - Collected by Parametrix, Inc. 

Probes 2-S, 17, 37-D, 85-D, AC-S, AE-S, AF-D, MW-15, north and south flare 
feed lines, and methane from Washington Natural Gas. 

Date of Collection Collection Method Analysis Performed Laboratory 

02/88 Tedlar Bag Tritium Activity Krueger/ 
of Methane Hydrogen Geochron 

Laboratories 

I 

J 

n 
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Combustible gas levels were measured by a Gastech NP-204 Combustible Gas 
Indicator on the high (H) scale, which measures the percent of combustible 
gas present in the probe gas. This Instrument was used to continuously 
monitor the composition of the gas as samples were being collected. •.:•.' . 

For all sample sets at least two liters of methane were required for 
laboratory analysis. The number of Tedlar bags collected for each sample was 
calculated based on the percentage of combustible gas found in the gas at 
each sample point as Indicated by the Gastech NP-204. It was assumed for 
purposes of these calculations that all the combustible gas detected by the 
instrument was methane. 

During collection of Sample Set E, combustible gas levels in the probe were 
measured before sample collection and then again immediately after sample 
collection. In the case of probe 37-D, the initial combustible gas reading 
was significantly higher than the final combustible gas reading. The 
laboratory reported that this sample did not contain methane when the 
laboratory received it. It is possible that probe 37-D was evacuated 
completely during collection of the sample and did not have time to recharge. 

During collection of Sample Set F, the methane content of all probes was 
monitored continuously during sample collection by the Gastech NP-204. 

3.2 LABORATORY ANALYSIS 

Krueger/Geochron Laboratories analyzed all of the samples except Sample Set 
D, which was analyzed by Teledyne Isotopes as a control. 

3.2.1 Carbon-14 Activity 

Krueger/Geochron Laboratories 

Methane was separated and purified from the bulk gas samples by passing the 
gas through a series of cryogenic traps and selectively freezing out methane. 
The methane was then oxidized to carbon dioxide by circulation over hot 
copper oxide wire. This step ensured removal of the original hydrogen, which 
could contain tritium, from the methane. The carbon dioxide was cryogen-
ically trapped and reconverted to methane using tritium^free hydrogen. The 
methane was then purified by passing through a series of cryogenic traps 
which removed water, trapped the methane, and allowed the hydrogen to be 
vacuumed away. The sample was subsequently counted for carbon-14 beta 
activity for at least 1200 minutes (longer, if the activity was very low). 

As Quality Assurance/Quality Control procedures for Krueger/Geochron, all 
laboratory analysis results were based on measurements relative to a 
standard. The standard was analyzed in a counter and all other measurements 
were reported as relative to this standard. The details of Krueger/Geochron 
Laboratories' Quality Assurance Plan are presented in Appendix H-1, 
"Laboratory Procedures Used in Radiocarbon Dating (C-14) at Geochron 
Laboratories" (Krueger/Geochron, 10 February 1984). 
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Teledyne Isotopes 

Aliquots of gas were taken directly from the three sample containers and 
analyzed for tritium and carbon-14. 

Tritium was analyzed by passing an aliquot of a known volume of sample mixed 
with a known volume of tritium-free hydrogen through a copper oxide furnace 
at 650°C. The hydrogen was converted to water, which was then collected in a 
cryogenic trap. The water volume was measured and its tritium activity then 
counted by liquid scintillation. 

Carbon-14 was analyzed by passing an aliquot of known volume of sample 
through a copper oxide furnace at 650° C. All carbonaceous species were 
converted to carbon dioxide, which was then collected in a cryogenic trap. 
Subsequently, the carbon dioxide was purified by gas chromatography and 
transferred to an evacuated proportional counter. Methane (previously 
determined to be without carbon-14) was added to equalize pressure and the 
gas sample then counted in a proportional counter. It has been noted by 
Teledyne Isotopes that this process may also capture other isotopes, such as 
radon, which have a freezing temperature similar to that of carbon dioxide. 

Quality Assurance/Quality Control procedures followed by Teledyne Isotopes 
are presented in Appendix H-2, "Quality Assurance for Radiological Monitoring 
Programs (Normal Operations) - Effluent Streams ahd the Environment" (U.S. 
Nuclear Regulatory Commission, Regulatory Guide 4.15, February 1979). 

3.2.2 Tritium Activity 

Tritium analysis was performed on methane hydrogens by Krueger/Geochron 
Laboratories. In this procedure, methane gas was purified from other gases 
by cryogenic trapping. The methane was then combusted to carbon dioxide and 
water by circulation over hot copper wire. The water, which contained the 
methane hydrogen, was collected and placed in a vial with chemical 
scintlllants and counted in a low-level scintillation counter for tritium 
activity. Quality Assurance/Quality Control procedures were the same as 
discussed in Section 3.2.1 (See Appendix H-1). 

•I 
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4.0 RESULTS 

The laboratory reports and analytical data are Included as Appendices A and B 
of this memorandum. ' 

4.1 SAMPLE SET A 

Results of analysis of combined carbon-14 and tritium activity for Sample Set 
A are shown in Table 2. 

Table 2. Results of analysis of combined beta activity from carbon-14 and 
tritium in Sample Set A. 

! • 

Sample Location 

North Flare Feed Line 
South Flare Feed Line 
Probe 17 
Probe 17 (replicate) 
Probe 10 

dpm/gCarbon 

47.9, ± 0.66 
38.61 ± 0.55 
15.17 ± 0.37 
16.64 ± 0.64 
16.95 ± 0.64 

Affe 

353.8 ± 4.9% 
284.7 ± 4.0% 
111.9 1 2.7% 
122.7 ± 2.8% 
125.0 1 4.7% 

MSA* 
MSA 
MSA 
MSA 
MSA 

dpm/gCarbon = disintegrations per minute per gram of carbon 
MSA = modern standard activity 
Samples collected by Black & Veatch for Ecology. 
*Re-analysis of this sample using a technique that excluded tritium 
activity yielded a carbon-dating age of 113.1 ± 2.5% MSA. 

The results indicate that the methane found in probes 10 and 17 was a product 
of decomposing materials of relatively recent origin (post-1950). Further, 
the methane samples collected from the flare system on the landfill contained 
beta activity elevated to roughly three times that of normal levels (modern 
standard activity). Unfortunately, the test method for this sample set 
measured only total beta activity. It did not distinguish beta activity 
caused by carbon-14 from that of tritium. Results of re-analysis of the 
sample collected from the North Flare Feed Line for carbon-14 only indicated 
that the age of the methane generated on-site was not slgnificamtly different 
from the age of the methane in samples collected from of f-site probes 17 and 
10. Therefore, the elevated activity found in on-site samples in Sample Set 
A was not due to increased levels of carbon-14. Further testing was required 
to determine the source of the elevated activity. 

4.2 SAMPLE SET B 

Results for carbon-14 analysis of Set B samples (See Table 3) show no 
increased activity in the samples collected from the on-site flares relative 
to activity in the off-site probes. This indicates that the increased 
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combined beta activity found in samples collected from the on-site flares 
(see Table 2) must be caused by tritium activity rather than carbon-14 
activity. (See also the letter from the Department of Ecology to the City of 
Seattle, dated September 23, 1987, in Appendix H-1.) 

Table 3. Results of carbon-14 analysis of 
Krueger/Geochron Laboratories. 

Sample Set B performed by 

Sample Location 

North Flare Feed Line 
Probe 17 
Probe 17 (replicate) 
Probe 10 

dpm/gCarbon 

15.32 ± 1.2 
14.91 ± 0.33 
15.65 ± 0.20 
14.89 ± 0.23 

113.0 ± 8.9% MSA 
109.9 ± 2.5% MSA 
115.4 ± 1.4% MSA 
108.5 ± 3.6% MSA 

dpm/gCarbon = disintegrations per minute per gram of carbon 
MSA = modern standard activity 
Samples collected by Black & Veatch for Ecology. 

4.3 SAMPLE SETS C AND D 

Results of the sample Set C analyses are summarized in Tables 4 and 5. 
•I 

Table 4. Results of carbon-14 analysis of Sample Set C performed by 
Krueger/Geochron Laboratories. 

Sample Location 

North Flare Feed Line 
South Flare Feed Line 
Probe 85-D 

pCi/gCarbon 

7.00 ± 0.24 
6.81 ± 0.13 
6.75 ± 0.14 

dpm/gCarbon 

15.53 ± 0.53 
15.12 ± 0.28 
14.99 ± 0.31 

Age 

114.5 ± 3.9% MSA 
111.5 ± 2.1% MSA 
110.6 ± 2.3% MSA 

pCi/gCarbon = plcoCurles per gram of carbon 
dpm/gCarbon = disintegrations per minute per gram of carbon 
MSA = Modern Standard Activity 
Samples collected by Parametrix. 

City of Seattle Midway LF RI 12 DRAFT March 23, 1988 



Table 5. Results of carbon-14 analysis of Sample Set D performed by 
Teledyne Isotopes. 

Sample Location 
Analyzed 8/87 
pCi/gCarbon 

North 
South 
Probe 

Flare 
Flare 
85-D 

Feed 
Feed 

Line 
Line 

130 
188 
963 

Analyzed 9/87 
pCi/gCarbon 

55.4 
148 
145 

pCi/gCarbon = plcoCurles per gram carbon 
Samples collected by Parametrix. 

! • 

The results of carbon-14 analysis of Sample Set C obtained by Krueger/ 
Geochron Laboratories indicate that the methane in the landfill and off-site 
probe 85-D is relatively recent in origin. The levels of carbon-14 found in 
all three samples were not statistically different. Therefore, the methane 
gas obtained on-site and from off-site probe 85-D appears to be of about the 
same relatively modern age (see Figure 2). In addition, these results 
confirmed that the elevated activity found in landfill gas samples collected 
for Ecology (Table 2) was not due to carbon-14. The age dating obtained for 
on-site amd off-site samples by combined beta activity vs. carbon-14 activity 
is compared in Table 6. The laboratory analysts believe that the beta 
activity originally observed to be roughly three times greater than normal 
levels was due to tritium. 

Table 6. Comparison of results for combined beta activity vs. carbon-14. 

Sample Location 

North Flare Feed Line 
South Flare Feed Line 
Probe 17 
Probe 17 (replicate) 
Probe 10 

Age- -Combined 
fSample Set 

353 
284 
111 
122 
125 

8 ± 
7 ± 
9 ± 
7 ± 
0 ± 

4.9% 
4.0% 
2.7% 
2.8% 
4.7% 

Beta 

A) 

MSA 
MSA 
MSA 
MSA 
MSA 

Age--Carbon-14 Only 
(Sample Set B) 

113.0 ± 8.9% MSA 
N/A 

109.9 ± 2.5% MSA 
115.4 ± 1.4% MSA 
109.7 ± 1.7% MSA 

N/A = not analyzed 
Samples collected by Black & Veatch for Ecology. 

Results of Krueger Geochron's analyses of Sample Sets B and C agreed well; 
however, Teledyne Isotopes' analysis of Sample Set D differed considerably 
from the other two. Teledyne Isotopes first delivered its results expressed 
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as plcoCurles per liter of sample, rather than plcoCurles per gram of carbon. 
This made it Impossible to correlate Teledyne's results with those of 
Krueger/Geochron Laboratories. After Teledyne recalculated its results in 
units of plcoCurles per gram of carbon, the results still did not agree with 
those of Krueger/Geochron. 

When these discrepancies were brought to the attention of Teledyne Isotopes, 
the samples were analyzed again approximately 30 days later, with different 
results. Teledyne reported that the initial activities might have included 
activity from short-lived species, such as radon, because re-analysis of the 
samples produced results much lower than Initially reported. High initial 
results would decrease over time due to the decay of radon, which may have 
been captured along with the carbon when the carbon dioxide was cryogenically 
trapped. Radon and carbon dioxide have similar freezing temperatures. Radon 
has a half-life of about three days, so it would have nearly disappeared in 
the 30 days between the first and second analyses of these samples. 

4.4 SAMPLE SET B 

The results of tritium analysis for Set E are presented in Table 7. 

Tritium activity is below detection limits for all the samples analyzed 
except probe 85-D. The methane in probe 85-D shows tritium activity 
approximately one order of magnitude above the detection limit. Although a 
sample was also collected from probe 37-D, the laboratory reported that it 
did not contain methane. n 
Table 7. Results of tritium analysis of Sample Set E performed by Geochron 

Laboratories. 

Sample Location 

Probe 85-D 
Probe AE-S 
Probe 2-S 
Probe 17 
Probe AC-S 
Probe 37-D 
City House/WNG ' •Blank" 

T.U. 

336 ± 20 
<90* 
<22 
<22 
<17 
NA 
<18 

oCi/gElementalHvdrogen 

9.6 ± 0.5 
<2.6 
<0.6 
<0.6 
<0.4 
NA 

<0.5 

T.U. = Tritium Unit = 1 tritium atom in 10^^ hydrogen atoms 
pCi = picoCuries 
* = elevated detection limit due to small sample size 
NA = not analyzed 
Samples collected by Parametrix. 

The results for Sample Set F (in progress) are not yet available; they will 
be included in the final report. 
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5.0 CONCLUSIONS 

The results show an insufficient difference in age (as measured by carbon-14 
activity) between landfill methane and naturally occurring methane to use 
carbon-14 monitoring as a tool to differentiate between these sources. 

Tritium monitoring, however, appears to show some promise as a tool for 
distinguishing between methane produced by the lamdfill and methane produced 
by other sources, as different levels of tritium activity have been measured 
in the on-site and off-site probes. 

Methane found in probe 85-D shows tritium activity that exceeds background 
levels, indicating that it is gas produced from the decomposition of 
carbonaceous materials that were growing during the 1960s and 1970s. This 
elevated activity is not found in methane from natural gas sources, such as 
that from peat bogs and natural- gas utilities, which is the product of much 
older material with very low tritium levels. Washington State Department of 
Ecology estimates that for 1985 background levels of tritium activity in 
water ranged from 600 to 1000 pCi/1. This translates to 5.4 to 9.0 pCi/g 
elemental hydrogen. Comparison of tritium activity in probe 85-D (9.6 ± 0.5 
pCi/g elemental H) with the background level of tritium indicates that 
tritium in probe 85-D is elevated only slightly above background. Because 
Midway Landfill gas is derived from the decomposition of more recent 
materials it would be expected to have correspondingly high levels of 
tritium. Additional data for the Midway Landfill gas tritium levels will be 
generated from the February 1988 round of sampling activity and should help 
distinguish the different sources of methane. The data will be included in 
the final memorandum. 
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APPENDIX H-1 

LABORATORY RESULTS (ANALYTICAL DATA) 
SAMPLES ANALYZED BY KRUEGER/GEOCHRON LABORATORIES 
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J u l y 17, 1987 

Mr. Mark Edens 
Seattle Engineering Department, Solid Waste Utility 
Suite 750 Dexter Horton Building 
710 Second Avenue 
Seattle, WAshington QSIGA 

Re: Midway Landfill 

Dear Mark: 

Attached for your information are the results of testing of tedlar bag 
samples of gas from the fwo flares- on the Midway Landfill and probes 
10 and 17 west of the lar.dfill. The intent of this test.ing wu» to 
date the gas using its carbon-IA content to determine if the gas found 
in these probes is from the landfill or due to vegetative 
decomposition within the wetland. 

These results indicate the methane in probes 10" and 17' is of modern 
composition. Thus, we cannot conclusively eliminate the landfill as a 
source of this gas based on these results alone. We encourage Seattle 
CO proceed with the planned installation of additional probes In -he 
wetland. However, it would appear the only way this issue will be 
clearly resolved is to Install additional deep gas probes beLwuen Uie 
landfill the wetland. 'These probes are needed anyway to monitor the 
long-terra performance of the west side of the gas control system. We 
request this work be included in the next phase of gas probe 
l i i2>t .« i l laLiui i aL Llie S i t e . 

More Importantly, these t.esLs indicate Lh« muUiaui* uniitted from the 
landfill is elevated in beta activity to roughly three times above 
normal levels. The test method used was unable to determine if this 
increase Is due to carbon-14 or t.rit.iuni isuLupt̂ s; i;cws«iint lu the gas. 
The laboratory Is currently performing additional LesLs Lo aLLwupt to 
malce that determination. Both of these isotopes are commonly uLiXi^wd 
ill medicine, research and itiUuaitty. 

Assuming Lhe increased beL<« acLlvlLy uf Lhw methaiie is due entirely to 
carbon-IA, wc have calculated the flare emission rates. Baaed on Lhese 
preliminary calculations it would appear the emission rates are well 
below those allowed by federal and state regulations. Given the 
emission rat.es, the .incrftase in beta activity would probably noL be 
measurable off-.site, even using the sensitive technique empluywd by 
KniHger Labs . 

http://rat.es
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Mr. Mark Edens 
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While these calculations are encouraging, these test results raise a 
concern of what other low-level wastes may have been disposed of in 
the Midway Landfill and what the potential is for exposure to them. 
Potential exposure pathways include not only the gas emissions, but 
also ground water and surface cover enissiona. Accordingly, we 
request a meeting with the City of Seattle to discuss follewup 
actions. 

The Department of Ecology recognises that federal and state 
regulations allow many low activity vastes to be disposed of at 
municipal landfills. k s such, these test results at Midway may not be 
unusual. None the less, given the high profile of this site we feel 
followup steps are both prudent and necessary. We look forward to 
working with you to develop procedures and a schedule for 
accomplishing these tasks. 

William E.jWright 
Project Manager 
Kaxarduus Uastt* Cleanup Program •I 

WW:cp 

cc: C. Sagerser, DSHJJ 
C. Kleeberg, SKCHD 
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2 July 1987 

Mike Housley 
Black & Veatch Engineers 
62«0 .S. Sprague Ave. 
Tacoma, WA 98'in9-6a96 

! • 

Dear Mike, 

Exicloaed please find the reports of our c""̂  analyses on your recently submitted 
samplea of methane. I am also enclosing a graph showing the C^^ activity of 
atmosheric carSon dioxide since AD 1951. Prior to 1951 the atmosphere was more or 
less at 100% of the standard value. Open air testing of nuclear weapons from the 
late 1950*3 to the mid ig60's increased the level of Ĉ '* in the atmosphere. All 
plants and animals (and food garbage resulting) living since 1950 have a level of 
C more or less Identical to the atmosphere during their lifetime. E.G.: 
agricultural products grown durin this year (1987) will have a C^^ activity 
about 118; of the modern standard. 

of 

Very old samples of carbon have lower C ,1'l activities as measured today because 
through radioactive decay. C''̂  has a half life of 5570 years they have lost C 

and a mean life of 8036 years. Thus a sample of 5000 year old carbon has a'c^ 
activity relative to the modern standard of (e to the power of (5000/ -8036))»10O 
or 53.75. 

Your two samplea from Lhe landfill, MLF-S-A and MLF-H-A, have activities much in 
excess of that ever reported for the atmosphere. This elevated activity is 
probably due to low-level biomedical tracers containing C^^ or possibly H^ which 
have been dumped in the site and are undergoing methanogenesis. Samples MLEP-10-A 
and MLEP-17A-A have c' levels consistant with the atmosphere in recent years. 
Sample ML£.o-l7-A has an activity which is somewnat too low for recent atmosheric 
levels and may represent a mixture of old carbon with more recent. 

We will attempt to burn one or mure of the two "hot" samples to determine L f C 
or HJ Is responsible for the increased activity. 

Mi 

Sincerely yntirr,, 

Charles 11. Sullivan 
C-ia Lab Manager 
encl. 

0PCciAi.;3T3 IM anocMWONOuoar a ISOTO^C SCOUOOV 
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RADJOCARBON AGE DETERMINATION 

Our Sample No. 

Yow Reference: 

Submitted by: 

GX- 13415 

Project No. 1lS89.'*oa 

Mike Housley 
Black & Veatch Engineers 
6240 S. Sprague Ave. 
Tacoma, WA 98409-^896 

REPORT OF ANALYTICAL WORK 

Date Racalved: 06-23-87 

Dato Reported: 07-02-87 

! • 
Sample Name: sta. No. MLF-5-A, 6-22-87. Midway Landfill. '6fc»t̂ ^ Fix«- .o U-b 

AGE = (284.7 f / - 4.0)* of the modem standard activity j. / r 
(38.61 V - 0-55) dpm/g Carbon. ^o.^ te^^t^•'^o ,:> r r^.^x^H / y i A ^ ^ . 

Description: Sample of methane gas. 

Pretreatment: Methane was extracted under vacuum and 
analysed. A small aliquot was sampled for C-13 
analysis. 

Comment: 

*«C « » " -56 .4 "^ 

Notes: This date is based upon tne Ubby half life (SS70 years) for "^C. Tha emir stated is dilffaa Judged 
by the analytical data alone. Our modem standard ia 96Ve or tne activity of N.B.S. Oxalic Acid. 
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RADIOCARBON AGE DETERMINATION 

Cur Sample No. QX- 13416 

Your Reference: Project No. 11889.404 

Submitted by: Mike Housley 
Black & Veatch Engineers 
6240 S. Sprague Ave. 
Tacona, WA 98409-6896 

REPORT OF ANALYTICAL WORK 

Oate Received: 06-23-87 

Date Reported: 07-02-87 

Sample Name: S ta . No. MLF-W-A, 6-22-87. Midway Landfi l l . tA^£><^^ PUt>i-n 
AGE = 

Description: 

(353.8 •»•/- 4.9)% of the modern standard ac t iv i ty 
(47.97 • / - 0.66) dp<n/g Carbon. 

Sample of methane gas . 

C 

Pretreatment Methane was extracted under vacuun and 
analysed. A small aliquot was sampled for C-13 
analysis. 

Comment: 

««C ™ " -55.0 ^ 

Notes: This date is based upon the Ubby half life (5570 yeare) for ^'C. Tha error stated is *1ff as judged 
by the analytical data alone. Our modem standard Is 96% of the activity of N.B.S. Oxalic Acid. 
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RADIOCARBON AGE DETERMINATION 

Our Sample No. 

Xtour Reference: 

Submitted by: 

GX- 13^21 

Project No. 11889.404 

Mike Housley 
Black 4 Veatch Engineers 
6240 3. Sprague Ave. 
Tacoma, WA 98409-6896 

REPORT OF ANALYTICAL WORK 

Data R«:elvod: 06-25-87 

Date Raported: 07-02-87 

Sample Name: s t a . No. MLEP-10-A, 6-24-87. Midway Landf i l l . P.^obe T<> 

AGE => 

Description: 

(125.0 +/- 4.7)t of the modern standard ac t iv i ty 
(16.95 +/- 0.64) dpoVg Carbon, 

Sample of methane gas. 

Pretreatment: Methane'was extracted under vacuum and 
analysed. A small aliquot was sampled for C-13 
analysis. 

i 
I 

Comment 

3«Cpo8 = _cc , 1 . -56.3 

Notes: This date ia based upon the Ubby naif lite (SS70 years) for ^c . TTie error stated la aki<r as Judged 
by the analytical data alone. Our modem standard is 9SVa of the activity of N.8.S. Oxalic Add. 



t 
07..-17.-87 lc:.i9 DEPT OF ECOLOGY / HQ OLYMPIA UA 309 

• P 
K R U E G E R E N T E R P R I S E S , I N C . 
a e O C M R O N L A B O R A T O B i e S DIVISION 

Z A aLACKSTOMC S T W E S T . C A M S H I O O * . MAMACHUaCTTS 0 2 1 SS • <« I T ) S T O - S S e 1 

RADIOCARBON AGS DETERMINATION REPORT OF ANALYTICAL WORK 

Our Sample No. 

Your Reference: 

Submitted by: 

GX- 13422 

Project No. 11889.404 

Mike Housley 
Black i Veatch Engineers 
6240 S. Sprague Ave. 
Tacoma, WA 98409-6896 

Data Received: 06-25-87 

Date Reported: 07-02-87 

Sample Name: 

AGE s 

Sta. No. MLEP-17-A, 6-24-87. Midway Landf U l . P - o b c . / ? W l 

(111.9 V - 2.7)% of the modem standard ac t iv i ty 
(15.17 •!•/- 0.37) dpm/g Carbon. 

Description: Sample of methane gas . 

Pretreatment: Methane was extracted under vacuum and 
analysed. A small a l iquot was sampled for C-13 
analys is . 

Comment: 

^ « C ^ « -52.7 ^ 

Notes: This date ia based upon the Ubby half life (5570 years) for ^0 . The error stated Is i,i<ra» judged 
by the analytical data alone. Our modem standard Is 96% of the activity of N.B.S. Oxalic Acid. 



07/17/87 l£:a= DEPT OF ECOLOGY / HQ OLYMPIA UA 010 

KRUEGER ENTERPRISES. I N C . 
OEOCHRON l-AaORATORieS DIVISION 

2 4 SLACK9TONC Sr i t lST.CAMsnioac. M*sSACMU5rrr9 0 2 I 3 S . < e i 7> 0 7 0 . 9 6 9 1 

RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK 

! • 

Our Sample No. 

Your Reference: 

Submitted by: 

Sample Name: 

AGE » 

CX- 13423 

P ro jec t No. 11889.404 

Mike Housley 
Black & Veatch Engineers 
6240 S. Sprague Ave, 
Tacoma, WA 98409-8896 

Date Received: 06-25-87 

Data Reported: 07-02-87 

Sta. No. MLEP-17A-A, 6-24-87. Midway Landfill. (P^obt i;̂-. 

(122.7 f/- 2.8)% of the modern standard activity 
(16.64 +/- 0.39) dpm/g Carbon. 

Description: Sample of methane gas. 

PfQtreatmsnt: Methane was extracted under vacuLsn and 
analysed. A small aliquot was sampled for C-13 
analysis. 

Comment: 

^''CpoB = _5o,3 ^ . 

Notes: This data is oased upon the utJOy tialf lite (SSro years) for '^C. The srror stated la ^ l a as judged 
t:y the analytical data alone. Our modem standard is 96% of me actNlty of N.a.S. Oxalic Acid. 



RECEIVED AUG 2 0 1987 

KRUEGER ENTERPRISES, INC. 
GEOCHRON LABORATORIES DIVISION 

2 4 B L A C K S T O N C S T R E E T . C A M B R I D G E . M A S S A C H U S E T T S 0 2 1 3 9 . < 6 1 7 ) 8 7 6 - 3 6 9 1 

12 August 1987 

Susan Turnblom 
Parametrix, Inc. 
13020 Northup Way 
Suite 8 
Bellevue WA 98005 

Dear Susan, 

.14 Enclosed please find the reports of our C'** analyses on your recently submitted 
samples of methane. I am also enclosing a graph showing the C^^ activity of 
atmosheric carbon dioxide since AD 1951. Prior to 1951 the atmosphere was more or 
less at 100J of the standard value. Open air testing of nuclear weapons from the 
late 1950's to the mid 1960's increased the level of C'^ in the atmosphere. All 
plants and animals (and food garbage resulting) living since 1950 have a level of 
C'^ more or less identical to the atmosphere during t^eir lifetime, E.G.: 
agricultural products grown during this year (1987) will have a C^^ activity of 
about 118% of the modern standard. 

Very old samples of carbon have lower C'^ activities as measured today because 
they have lost C^^ through radioactive decay. C^^ has a half life of 5570 years 
and a mean life of 8036 years. Thus a sample of 5000 year old carbon has a C'^ 
activity relative to the modern standard of (e to the power of (5000/ -8036))*100 
or 53.7%. 

The three samples analysed, 85D, North and South all have C^^ activities somewhat 
less than the atmosphere in recent years. This is due to the mixing of older 
carbon sources with more recent. The bulk of the carbon in the methane has come 
from recent carbon however. 

Enclosed also is a copy of our general procedures used for C-14 analysis. The 
"pretreatment" for your samples consisted of purifying methane fr^m the bulk gas. 
This is accomplished by passing the gas through a series of cryogenic traps and 
selectively freezing-out methane. The methane is then oxidized to carbon dioxide 
by circulation over hot copper oxide wire. This step removes the original 
hydr^Dgen, containing tritium, f rom the methane. The carbon dioxide is then 
reconverted to methane using tritium-free hydrogen as described in our 
procedures. This is because methane is the form in which we analyse most samples 
for C'^ activity. 

•I 

SPECIAUSTS IN GEOCHRONOLOOr & ISOTOPE GEOLOGY 



r 
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The procedures document also briefly describes the delta C^^ notation which 
appears on the bottom of our report forms. 

If you need additional information regarding these analyses please contact me. 

Sincerely yours, 

(^X£^ 'M^ 
Charles H. Sullivan 
C-14 Lab Manager 
encl. 
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LABORATORY PROCEDURES USED LN 
RADIOCARBON DATING (C-14) 
AT GEOCHRON LABORATORIES 

Krueger Enterprises Inc. 
Geochron Laboratories Division 

24 Elackstone St. 
Cainbridee, MJV 02139 

(617) 876-3691 

• I 

Written by ..cMJLJJh^ 
Charles H, Sullivan 
Manager, Radiocarboij,Laboratory 
10 

Checked by: 

Harold W. Krueger 
President, Kmieger Enterprises, Inc, 
10 February 1984 
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RADIQCARRnw nATTMT. 

Radiocarbon dating is widely used for determining the antiquity of ' 
archaeological and geological saaples back to about- 40,000 years ago. The 
measurement of radiocarbon is also useful as an indicator of the residence 
time of waters and as an indicator of the chemical authenticity of certain 
foodstuffs. Radiocarbon dating is conventionally undertaken by the -
conversion of a carbon-bearing sample to a form suitable for determining -
its relative C'^ content by counting the beta-decay events which occur when 
C'^ atoms decay to N'^. Samples are converted to carbon dioxide which is 
either used directly or converted to methane, acetylene, or"benzene 
depending on the form preferred by the laboratory. Gases are analyzed in 
proportional gas counters; benzene is analyzed in a liquid scintillation 
counter. 

C 
iA 
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RECEIPT OF SAMPT.PS 

LOG-IN AND REPORTING PROCEDURES 

Vlhen samples are received, they are unpacked and checked against the sample 
list (when provided). The number appearing on the sample itself is -
considered authoritative if discrepancies are found. Each sanple is then 
assigned a Geochron sample number from a roll of pre-printed sequentially 
nixnbered labels, thus eliminating any chance of two different samples 
receiving the same number. 

Information on each sample is then entered on computer and includes the 
following: 

GX-xxxxx (lab nunber) 
Customer name and affiliation 
Date received 

- Customer reference 
- Sample description 

Type and condition of sample 
Nature of chemical pretreatment to be 
applied (if any) 

This information is stored on magnetic disk and hardcopy is printed for use 
as a lab data reference sheet. ^km 

All. customer-submitted papers, the lab data sheets, and the lab number 
labels are stored in a folder labeled with the customer'.s name. This folder 
is placed with the samples in a container which is labeled on its exterior 
with the lab numbers of the samples, the custcnier's name, and the date of 
receipt. The container is then placed in a storage area to await 
pretreatment. A card listing the customer, type of analysis '^ be 
perfonned, date received, and (leochron sample numbers is placed on a master 
sample control board in the main lab office. 

As the analyses are completed, the results are entered on the data 
refererxje sheet. Computations are made and the final results are printed 
out on a standard form. All pertinent data are included on this form, 
which is self-explanatory. The customer folder is then sent back to the 
office for pr-ocessing. The original report is proofread against the 
reference sheet by the office staff. Five photocopies of the ccmpleted 
standard form are made: one is sent to the customer with the original; one 
is attached to the rest of the material for that particular job in the 
customer's file; and three are filed sequentially by Geochron sample nunber 
In archives stored, for safety, in three separ*ate locations. 

The original report, one photocopy, any correpondence, and the invoice are 
sent together to the custxxiier by first class mail. The file containing the 
information from the completed job is stored in an alphabetical system by 
customer's name and affiliation. 
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• PRETREATTffHT 

Samples are generally processed in order lv lab number. When a sample is 
due for processing the customer's sample identification is again checked 
against our lab nvmber. The sample then proceeds-through pretreatment ' 
identified only by its GX-xxxxx (lab-nunber) label, i; 

•y.tr -". tV* 

The nature of the" pretreatment applied for contaminant rennval depends j. : 
mainly on the type of sample material.'Our pretreatm^nts are essentially -̂f̂^ 
the same as those used by many other radiocarbon dating labs. In general, :• 
most organic samples from archaeological or geological cont:exts are given ; 
sequential treatment with dilute acid and dilute base solutions' in order to 
remove, respectively, contaminant carbonates and htmates.' 

Certain materials, such as baritm carbonate precipitated from groundwater, 
need no pretreatment and are analyzed directly. 

If 

J& 



,̂.; .,.•->;• / - ; .̂  PRgARATIQH OF COtfHTTWg ffflS 

Samples are converted to carbon dioxide by ccmbustion in pure oxygen or by 
acid hydrolysis. The cartwn dioxide is purified and collected by passing 
throu^ a. series of cryogenically cooled traps. Geochron Labs analyzes -
samples in the form of methane which is prepared by reacting the carbon 
dioxide with hydr^en at 475^ C in the presence of a ruthenium catalyst. 

Upon completion of the reaction the methane is purified and separated from 
excess hydrogen and water of reaction by passing through a series or 
cryogenic traps which remove water, trap methane, and allow the hydrogen to 
be vacuixned away. The methane is then transferred to a vacuum flask for 
storage of the sample gas. The flask is labeled with the lab number, the 
customer name, dates of reaction, and the volume of methane. The flask is 
then transferred to the counting room to await loading into one of several 
proportional counters. 

C 
H 
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DETERMINATION OF C^^ ACTIVITf 

Samples of methane are counted in proportional counters especially designed 
for the detection of C • decay event:3. The count:er3 are shielded in- lead ; 
and are surrounded by annular guard counters operating in anticoincidence 
with the sample counters in order to reduce external radiation background 
to very low levels. 

The sample is counted for C^^ beta activity for at least ^200 minutes, 
longer if activity is very low. 

Ages are calculated by comparing the beta activity of the sample to that of 
the intemational standard , NBS oxalic acid (SRM-4990). Calculations used 
are identical to those outlined in Stuiver and Polach, "Reporting of ' C 
Data", Radiocarbon. iq(^):^55-^6^. 1977. 

Utilizing the accepted half-life of C^^ of 5570 years the age is calculated 
as follows: 

Sample activity 
AGE = (mean-life of Ĉ '*) » In 

Standard activity 

where the mean life of C^^ is 8036 years and the standard activity has been 
normalized to the assuned activity of wood formed in the years A.D. 1950. ,. 

The percent modern not^ation reported for geochemical samples is calculated 
simply as: 

Sample activity 
i modern C''* = 100 • 

Standard activity 

The error assigned to the age assessment takes into account the uncertainty 
due to the randocn nature of C'^ decay in the sample, the error due to 
background count fluctuations in the proportional counters, and the 
precision with which the activity of the standard is known. 



Ci BAOCCTOmiD. STANDARD. AND C^^ MEASUREMENTS 

Measurement of the background radiation flux in the counters is necessary 
in order to account for detected radiaticm which is not due to C'^ decay 
events. The background count-rate is determined by counting a methane 
sample prepare fron very old marble which no longer contains detectable 
C*^. A background measurement is made in each counter approximately every 
eighth day. 

Standard activity is determined by periodic counting of methane prepared 
from the original NBS oxalic acid standard (SRM-4990) or the newly issued 
replacement standard, NBS Research Material RM-49. 

The value used for the modern standard in the age calculation is actually 
95% of the observed activity of the standard normalized for jjSotopic 
fractionation effects to a delta c " value of -19Jo wrt PDB. 

Precise dating requires that the C'^ activity of the sample be corrected 

% ^ ^ 
jsible isotopic fractionation. This is also done by measuring the 

'9ii '"3tio and correcting the C'^ content accordingly. The fractionation 
of C'^ relative to C'^ is considered to be twice that of C^|^relative to 
C'^. Sanples are normalized to a C^^ value of -25Jo wrt PDB as follows: 

2(25+sample delta C^3) W M 
r Samp, activity s Samp, activity • (1 ) * 

( C " corrected) (uncorrected) 1000 

C'^ measurements are made on a small aliquot of the sample gas by 
analysis in a mass-spectrometer. The results are reported in delta 
notation relative to a standard known as PDB. The calculation of delta 
values is as followis: 

c13/c12 sample 
delta C''3 sample o/oo = ( rr—-= 1) • 1000 

where the ratio of C^Vc''^ in the PDB standard is 0.011237. 



.̂.. AGE REPORT FORM 

The radiocarbon age of each sample is reported on a standard form (see 
Appendix 1). All pertinent data is included on the form and is 
self-explanatory. TWo copies of this report are sent to the customer, one 
copy is placed in the customer's file, and three copies are bound in 
permanent logs and 5U:ored at (Seochron and other locations for safety. 

The customer's file containing all documentation is then filed by customer 
name or affniation in a central file system. 

Any excess sample is labeled with its lab number and is archived for 
possible future reference. 

if 

.9 
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RECEIVED AUG 1 0 '387 

KRUEGER ENTERPRISES, I N C . 
GEOCHRON LABORATORIES DIVISION 

ZA BLACKSTONE STREET. C A M BRIDGE. MASSACHUSETTS 0 2 1 3 9 . (617) S7 6 . 3 6 9 1 

RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK 

Our Sample No. 

Your Reference: 

Submitted by: 

GX- 13520 

Project 55-1550-11. 

Susan Turnblom 
Parametrix, Inc . 
13020 Northup Way 
Suite 8 
Bellevue, WA 98005 

Date Received: 07-28-87 

Date Reported: 0 8-12-87 

Sample Name: 

AGE = 

Sample 85-^. 

(110,6 +/ - 2.3)? of the modern standard ac t iv i ty 
(14.99 +/ - 0.31) dpm/g Carbon. (6.75 + / - 0.14) picocuries/g Carbon 

•I 
Description: Sample of gas. 

Pretreatment Methane was separated from other gases and purified. 
The methane was then oxidized to carbon dioxide by 
combustion over hot copper oxide. The carbon dioxide 
was purified and reconverted to methane for the analysis. 

Comment: 

S CpDB ~ -48 ,7 

Notes: This date is based upon the Ubby half life ̂ 570 years) for ^^C. The error stated is ±1a as judged 
by the analytical data alone. Our modem ^andard is SSVo of the activity of N.B.S. Oxalic Acid. 

The age is referenced to the year A.D. 1950. 



KRUEGER ENTERPRISES, INC. 
GEOCHRON LABORATORIES DIVISION 

2A B L A C K S T O N E STREET * CAMBRIDGE. MASSACHUSETTS 0 2 1 3 9 • (617) 8 7 6 - 3 6 9 1 

RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK 

Our Sample No. 

Your Reference: 

Submitted by: 

GX- 13521 

Project 55-1550-11. 

Susan Turnblom 
Parametrix, Inc . 
13020 Northup Way . 
Suite 8 
Bellevue, WA 98005 

Date Received: 07-28-87 

Date Reported: 08-12-87 

If 
Sample Name: 

AGE = 

Sample SOUTH, 

(111.5 + / - 2.1)2 df the modern standard a c t i v i t y 
(15.12 + / - 0.28) dpm/g Carbon. (6.81 + / - 0.13) picocuries/g Carbon 

Description: 

Pretreatment: 

Sample of gas. 

Methane was separated from other gases and purified. 
The methane was then oxidized to carbon dioxide by 
combustion over hot copper oxide. The carbon dioxide 
was purified and reconverted to methane for the analysis. 

Comment: 

J? 
5 CpoB = -60.0 

Notes: This date is based upon the Ubby half life (5570 years) for ̂ *C. The enor stated is ±Aff as judged 
by the analytical data alone. Our modem standard is 95% of the activity of N.B.S Oxalic Acid. 
The age is referenced to the year A.D. 1950. 



KRUEGER ENTERPRISES, INC . 
GEOCHRON LABORATORIES DIVISION 

2 4 B L A C K S T O N E STREET.CAMBRIOGC. MASSACHUSETTS 0 2 1 3 9 . ( 6 1 7 ) 8 7 6 - 3 6 9 1 

RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK 

Our Sampie No. 

Your Reference: 

Submitted by: 

GX- 13522 

Project 55-1550-11. 

Susan Turnblom 
Parametrix, Inc . 
13020 Northup Way 
Suite 8 
Bellevue, WA 98005 

Date Received: 07-28-87 

Date Reported: 08-12-87 

Sample Name: 

AGE = 

Sample NORTH. 

(114.5 +/ - 3.9)% of the modern standard ac t iv i ty 
(15.53 +/ - 0.53) dpm/g Carbon, (7,00 +/ - 0.24) picocuries/g Carbon 

•I 
Description: 

Pretreatment 

Sample of gas. 

Methane was separated from other gases and purified. 
The meth3ne was then oxidized to carbon dioxide by 
combustion over hot copper oxide. The carbon dioxide 
was purified and reconverted to methane for the analysis. 

Comment 

* CpoB = -52.U ^ 

Notes: This date is based upon the Ubby half life (5570 years) for'^C. The enor stated is ±1ff as judged 
by the analytical data alone. Our modem standard is 95% of the activity of N.B.S. Oxalic Acid. 

The age is referenced to the year A.D. 1950. 
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STATE OF WASHINCTfJN f^ CT p -» 

DEPARTMENT OF ECOLOGY Si ^ ^ ^ ^ ^ 

\Uii Stop PV-ll • Olympic. Washington 9850-i-a7V • {206} 459-bCOO ^ 5 JSQ^ 

September 23, 1987 

Lin Robinson, Project Manager 

Sea t t l e Engineering Department 

Solid Waste U t i l i t y 

Dexter Horton Building, Suite 750 

710 Second Avenue 

S e a t t l e , Washington 9810A 

Dear Lin: :._:. 

I have enclosed the final results of Ecology's radiocarbon dating of methane 

gas at and near the Midway Landfill. The results from proper analyses 

indicate that the methane from the on-site flares and the probes in the 
14 wetland has a relatively uniform C activity, which is approximately 110% of 

the atmospheric level observed in 1950. Therefore, we are unable to discern 
IA 

any difference in the methane from these two locations on the basis of C 

results alone. 

However, if you will recall the results from our initial sampling of these 
3 

locations, there does appear to be a difference in the H content of the 

landfill flare methane and the wetland probe methane. Our initial samples 
3 

were improperly analyzed in such a manner that H interference was not 

eliminated. 

14 
The improper analyses of the landfill flares indicated a C level of 

approximately 300% of the modem standard activity. This dropped to about 
3 14 

110% once H interference was eliminated. The wetland probes showed a C 

activity of about 120% initially. Proper analysis dropped this to only the 

110% range. 

I* V. ! 



Lin Robinson 
September 23, 1987 
Page 2 

Krueger Enterprises acknowledges that, qualitatively, the two locations 

(landfill flares vs. wetland probes) do appear to have separate sources of 

methane. They placed the qualitative qualifier on this assessment because 
3 

their radiation counters are not specifically calibrated to detect H. They 

did, however, believe that the large differences in the results for the 

on-site flares, between the two sampling rounds, did in fact indicate the 
3 

presence of substantially more H in these samples than in the wetland samples 

which displayed no significant change despite the differences in the method of 

analysis. 

I 

Krueger also assured us that H was the only form of interference during the 
3 

first round of analyses, and the lab feels that H may be an effective tracer 

for future gas investigations at the Midway site. ' 

Please call me if you have any questions regarding this data, 

this information to be useful in the remedial investigation. 

Sincerely, 

I hope you find 

• I 

William E. Wright, Project Manager 

Landfill Cleanup Section 

Hazardous Waste Cleanup Program 

WEW 

cc: Fete Kmet, Ecology 

Neil Thompson, EPA 

Terese Richmond, Office of the Attorney General 

Mark Snyder, Black & Veatch 



B L A C K St V E A T C H 
ENGINEERS-ARCHITECTS 

L.U v ^ 

TEl_ (206) 472-24'33' 

l» 

Midway Landfill RI 
Gas Carbon Dating 

6 2 4 0 S O U T H SPRAGije AVENUE . 

TACOMA. WASHINGTON 98409-6619 

B&V Project 11889.407 
September 21, 1987 

Washington Dept. of Ecology 
Mail Stop PV-11 
Olympia, WA 93504-8711 

Attention: Mr. Bill Wright 

Gentlemen: 

Enclosed is the final laboratory report on the C14 testing of landfill gas .at 
Midway. Analyses were performed for the following samples: . v - - .. ," 

Location 
Probe 10 
Probe 17 
South Flare 

Sample Nuaber 
MLEP-10-a 
MLEP-17-3 & MLEP-17A-B 
MLF-S-B 

Please give us a call if you have any questions or comments. 

Very truly yours, 

BLACK & VEATCH 

• - J . - \ - t -
"; 2.V:-:• 

Mark G. Snyder, P.E. 

MGS:nj? 

cc: J. Swanberg, Ecology (w/encl.) 
p. Kmet, Ecology (w/encl.) 
P.B. MacRoberts/Project File (w/encl.) 



KRUEGER ENTERPRISES, I N C . 
GEOCHRON LABORATORieS DIVISION 

2 4 B L A C K S T O N E S rne r r .CAMeRioce . M A S S A C H U S E T T S 0 2 l 3 9 . ( 6 1 7 ) 8 7 6 - 3 6 9 1 

15 Seatember 19S7 

Mark Snvder 
Black Z'. Veatch 
6240 S. Soraque Ave. 
Tacoma WA 96409 

SEP 2 : !S37 

: . t ^ 

•^LACK & VEATCI-' 

SEP^ .1S87 

^LACK & VEATCH-' 

Dear Mark , 

E n c l o s e d p l e a s e - f ind t h e r e o o r t s o t cu r C* * a n a l y s e s on your r e c s n t l v 
s u b m i t t e d samples o-f methane. I am a l s o e n d c s i no a g r a p h showino t h e 
C*"* a c t i v i t y o-f a t m c s o h e r i c car tscn d io rs ide s i n c e AD 1 9 5 1 . P r i o r t o 
1951 t h e a tmosphere was more o r l e s s a t 100/1 c - t h e s t a n d a r d v a l u e . 
Doen a i r t e s t i n o o-f n u c l e a r weapons -from t h e l a t e 1 9 5 0 ' s t o t h e mid 
1 9 6 0 ' s i n c r e a s e d t h a l e v e l o-f C*"* i n t h e a t m o s o h e r e . A l l p l a n t s and 
a n i m a l s <and -food garbage r e s u l t i n g ) l i v i n g s i n c e 1950 have a l e v e l o f 
C*"* more o r l e s s i d e n t i c a l t o t h e at^-ncsohere d u r i n g t h e i r l i - f e t i m e . 
E . G . : a g r i c u l t u r a l p r o d u c t s g rown d u r i n g t h i s y e a r (19S7) w i l l have a 
C''"* a c t i v i t y o-f about l l S / l o-f t h e modern s t a n d a r d . 

•I 

Verv old samples o-f carbon have lower C^* activities as measured tcda-v 
because thev have lost C*"* through radioactive decay. C*"* has a hal-f 
li-fe o-f 5570 vears and a mean li-fe o-f S036 years. Thus a sample c-f 
5000 year old carbon has a C*-* activity relative to the modern 
standard o-f (e to the power o-f (5000/ -S036))*100 or 53.7%. 

The -four samples analysed, riLEF-l7-P. MLEF-17A-B, MLEP-10-B s.nd MLF-S-
B all have C*'* activities somewhat less than the atmosphere in recent 
years. This is due to the mi::inG o-f cider carbon sources with more 
recent. The bulk o-f the carbon in the methane has come -from recent 
carbon however. 

Enclosed also is a coov o-f our general procedures used -for C - 1 ^ 
analysis. Thg "pretreat."nent" -for your samples consisted o-f puri-^ying 
methane -from the bulk gas. This is accomplished by oassing the gas 
through a series o-f cryogenic traps and selectivel'/ -freering—o'ut, 
methane. The methane is then oxidized to carbon dio;:ide by circuiati 
over hot cooper o-side wire. This step removes the original hydrogen 
-from the methane -which contains tritium. The carbon dio;;ide is then 
reconverted to methane as descibed in our procedures. This is because 
methane is the -form in which we analyse most samples -for C** acti-vity. 

• ' 

SPECIALISTS IN GEOCHRONOLOGY ft ISOTOPE GEOLOGY 



I am also sending an ammendec report on sampie GX-1341.f> (Your tt MLF-N-
A) which was originally submitted by Mike Housley and which was 
analysed as methane without stripping-of f the tritium-containintj 
hydrogen, - — - -- -

For samples MLEP-17-B and MLEP-10-B we also separated carbon dioxide 
-from the bulk gas as submitted, converted this to methane and analysed 
•for C**, The activity o-f the carbon dio:;ide is essentially the same as 
-for the methane. 

Sincerely yours. 

Charles H. Sullivan 
C-14 Lab Manager 
encl . 
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RADIOCiUlSON D.fl.TING (C- IU) , 
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Charles H. Sul l ivan 
Msna^er, RadiocarborT^Laboratory 

-old v.'. iCrueaer 
President, Krueger Enterprises, Inc. 
10 ."ebr'.Jtiry 1984 



RADIOCARBON DATING 

Radiocarbon dating is widely used for determining the antiquity of 
archaeological and geological saaples back to about U0,000 years ago. The 
measurement of radiocarbon is also useful as an indicator of the residence 
time of waters and as an indicator of the chemical authenticity of certain 
foodstuffs. Radiocarbon dating is conventionally undertaken by the 
conversion of a carbon-bearing sample to a fom suitable for determining 
its relative C^ content by counting the beta-decay events which occur when 
C'^ atoms decay to N'^. Samples are converted to carbon dioxide which is 
either*used directly or converted to methane, acetylene, orobenzene 
depending on the form preferred by the laboratory. Gases are analyzed in 
proportional gas counters; benzene is analyzed in a liquid scintillatibh 
counter. 



RECEIPT OF SAMPLES 

LOG-IN AND REPQRTT^̂ G PRQCronRF5 

When samples are received, they are unpacked and checked against the sanple 
l i s t (when provided) . The nunber appearing on the sample i t s e l f i s ; 
considered a u t h o r i t a t i v e i f discrepancies are found. Each sample i s then 
assigned a Geochron sarnple number from a ro l l of pre-printed sequential ly 
nunbered l a b e l s , t hus eliminating any chance of two dif ferent sanples 
receiving the same nunber. 

Information on each sample i s then entered on computer and includes the .; 
following: 

GX-xxxxx (lab nunber) 
- Customer name and a f f i l i a t ion 

Date received 
Customer reference 
Sample description 
Type and condition of sarnple 
Nature of chemical pretreat-nent to be 

applied ( i f any) 

Tnis information is stored on magnetic disk and hardcopy is printed for use 
as a lab data reference sheet. 

All custo(ner-subr<itted papers, the lab data sheets, and the lab nunber 
labels are stored in a folder labeled with the customer's name, Tnis folder 
is placed with the samples in a container which is labeled on its exterior 
with the lab numbers of the samples, the customer's name, and the date of 
receipt. The container is then placed in a storage area to *iwait 
pretreatment. A card listing the customer, type of analyĵ is ••.o be 
performed, date received, and Geochron sample nunbers is placed on a master 
sample control board in the main lab office. 

As the analyses are coopleted, the results are entered on the data 
reference sheet. Computations are made and the final results are printed 
out on a standard forn. All pertinent data are included on this form, 
which is self-explanatory. The customer folder is then sent back to the 
office for processing. The original report is proofread against the 
reference sheet by the office staff. Five photocopies of the ccmpleted 
standard form are made: one is sent to the customer with the original; one 
is attached to the rest of the material for that particular job in the 
customer's file; and three are filed sequentially by Geochron sample nunber 
in archives stored, for safety, in three separate locations. 

The original report, one photocopy, any correpondence, and the invoice are 
sent together to the customer by first class mail. The file containing the 
information from the completed job is stored in an alphabetical system by 
customer's name and affiliation. 



Samples are generally processed in order by lab number. When a sample is 
due for, processing the customer's sample-identification is again checked 
against our lab nunber. Ihe sample then proceeds through pretreatment 
Identified only by its GX-xxxxx (lab-nunber) label. 

The nature of the"pretreatment applied for contaminant removal depends 
mainly on the type of sample material. Our pretreatments are essentially 
the same as those used by many other radiocarbon dating labs. In general, 
most organic samples from archaeological or geological contexts are given 
sequential treatment with dilute acid and dilute base solutions in order to 
remove, respectively, contaminant carbonates and hunates,' 

Certain materials, such as bariun carbonate precipitated from groundwater, 
need no pretreatment and are analyzed directly. 



I 

V 
PREPARATION OF COUmTHC GAS ^ 

Samples are converted to carbon dioxide by combustion in pure oxygen or by 
acid hydrolysis. The carbon dioxide is j^rified and collected by passing ,., 
through a series of cryogenically cooled traps.Ceochron Labs analyzes ,.-',t 
sanples in the form of methane which is prepared by reacting the carbon 
dioxide with hydrogen at 475^ C in the presence of a rutheniun catalyst. 

Upon completion of the reaction the methane is purified and separated from 
excess hydrogen and water "of reaction by passing through a series or - ,.., 
cryogenic traps which remove water, trap methane, and allow the hydrogen to 
be vacuuned away. The methane is then transferred to a vacuun flask for 
storage of the sanple gas. The flask is labeled with the lab nunber, the 
customer name, dates of reaction, and the volune of methane. The flask is 
then transferred to the counting room to await loading into one of several 
proportional counters, ^ 

! • 



DETERMTNATION OF C^^ AtTlVi'n 

Samples of methane are counted in proportional counters especially designed 
for the detection of C^^ decay events. The counters are shielded in lead 
and are surrounded by annular guard counters operating in anticoincidence 
with the sample counters in order to reduce external radiation background 
to very low levels. 

The sample is counted for Ĉ ** beta activity for at least 1200 minutes, 
longer if activity is very low. 

Ages are calculated by comparing the beta activity of the sanple to that of 
the international standard , NBS oxalic acid (SRM-4990), Calculations^used 
are identical to those outlined in Stuiver and Polach, "Reporting of ̂ ^C 
Data", Radiocarbon. 12(3):355-363, 1977. 

Utilizing tl 
as follows: 
Utilizing the accepted half-life of C^^ of 5570 years the age is calculated 

Sample activity 
AGE = (mean-life of C^^) • In 

Standard activity 

where the mean life of C'^ is 8036 years and the standard activity has been 
normalized to the assumed activity of wood formed in the years A,D, 1950, 

The percent modern notation reported for geochemical samples is calculated 
simply as: 

Sample activity 
% modern C'^ s 100 » 

Standard activity 

The error assigned to the age assessment takes into account the uncertainty 
due to the randan nature of C'^ decay in the sample, the error due to 
background count fluctuations in the proportional counters, and the 
precision with which the activity of the standard is known. 

I 

J 

•I 



BACKGROUND. ST̂ fl)ARD. AND C^^ MEASUREMENTS 

Measurement of the background radiation flux In the counters is ngcessary 
in order to account for detected radiation which is not due to C'^ decay . 
events. The background count-rate is determined by counting a methane 
sample prepared from very old marble which no longer contains detectable 
C'^. A background measurement is made in each counter approximately every 
eighth day. 

Standard activity is determined by periodic counting of methane prepared 
from the original NBS oxalic acid standard (SRM-4990) or the newly issued 
replacement standard, NBS Research Material RH-49, 

The value used for the modern standard in the age calculation is actually 
95% of the observed activity of the standard normalized for jsotopic 
fractionation effects to a delta C'^ value of -19Jo wrt PDB. 

Precise dating requires that the C^^ activity of the sample be corrected 
for possible isotopic fractionation, Tnis is also done by measuring the 
^ "TU '*̂ ^̂ ° 3-"*̂  correcting the C'^ content accordingly. The fractionation 
of-.C relative to C^^ is considered to be twice that of C'|^relative to 3f C'^ relative to C'' is considered 
Z^^. Samples are normalized to a C'^ Samples are normalized to a C'^ value of -25So wrt PDB as follows: 

2(25-»-safflple delta C*"3) 
Samp, activity s Samp, activity • (1 •) 
(C'2 corrected) (uncorrected) 1000 

c " measurements are made on a small aliquot of the sample gas by 
analysis in a mass-spectrometer. The results are reported in delta 
notation relative to a standard known as PDB. The calculation of delta 
values is as follows: 

„ C^3/c12 sample 
delta C^3 sanple o/oo = ( 1) » 1000 

Ĉ -5/cl2 PDB 

where the ratio of c'^^/C^^ in the PDB standard is 0.011237. 



AGF REPORT FORM 
J 

The radiocarbon age of each sanple is reported on a standard form (see 
Appendix .1). All pertinent data is included̂ -on the fora and is 
self-explanatory. TWo copies of this report are sent to the customer, one 
copy is placed in the customer's file, and three copies are bound in 
permanent logs and stored at Geochron and other locations for safety. 

The customer's file containing all docunentation is then filed by customer 
name or affiliation in a central file system. 

Any excess sample Is labeled with its lab nunber and is archived for 
possible future reference. 



KRUEGER ENTERPRISES, INC. 
GEOCHRON LABORATORIES OIVISION 

ZA SUACXSTONC STRCCr. CAMSRiaae. MASSACHUSCTTS 021 39 * (6 1 7) 3 7 6 - 3 6 9 I 

AH'̂ ÊMOEO REPORT 

RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK 

Our Sample No. 

Your Reference: 

Submitted by: 

GX- IZ ' i ie -M 

Pro jec t No. 11-889.^04 

Mika Housley 
alack i Veatch Er^gineers 
621^0 S. Sprague Ave. 
Taccms, VA 98i;C9-5396 

Date Received: 06-23-87 

Date Reported: 0 9 -15 -37 

! • 

Sample Name: s t a . No. MLF-N-A, 6-22-37. Midway L a n d f i l l . 

AGE = (113.1 •!•/- 2 . 5 ) * o f the modem standard a c t i v i t y 
-•••• (15.33 • f / - 0 , 3 4 ) dpm/g Carbon. 

Description: 

Pretreatment: 

Sample o f methane gas. 

Met.hane was purified from the sample, oxidized over hot 
cupric oxide wire to remove hydrogen, reconverted to 
methane with tr i t ium-free hydr^sgen and analysed for C-^'i. 

Comment 

00031515 

5 Cpoa - _5a . i ; "^ 

Notes: This date is based upon the Ubby half life (5570 years) for '*C. The error stated is ±^a as judged 
by the analytical data alone. Our modem standard is 95% of the activity of N.B.S. Oxalic Acid. 



KRUEGER ENTERPRISES, INC . 
GEOCHRON LABORATORIES DIVISION 

2 4 Bi.ACKSTONeSTReeT.c*Maf«ioae.MASSACHuscTTs02i39.<6i 7) 8 7 6 . 3 6 9 1 

RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK 

Our Sample No. 

Your Reference: 

Submitted by: 

GX- 13574 -M 

Project No. Il889.'t07 

Mark Snyder 
Black & Veatch Engineers 
6240 S. Sprague Ave. 
Tacoma, WA 98409-6896 

Date Received: 08-10-87 

Date Reported: 09-15-87 

•V: 

I; 
V-. 

ti 
Jt. 
J " 
•J'-

Sampie Name: 

AGE = 

MLEP-17-B. 8-6-87. Midway Landfill, 

(115,4 +/- 1.4)J of the modern standard activity 
(15.65 +/- 0.20) dpm/g Carbon. 

•I 

1 
a-: 

Description: 

Pretreatment: 

Sample of gas, mostly methane and carbon 
dioxide. 

Methane was purified frcm the sanple, oxidized over hot 
cupric oxide wire to remove hydrogen, reconverted to 
methane with tritium-free hydrogen and analysed for 0-14. 

f 

Comment: 

• 3 . 
6 CpoB = -56,3 "^ 

Notes: This date is based upon the Ubby half life (5570 years) for '•c. The enor stated is t l a as judged 
.•- ,i«r,« Our modem standard is 95% of the activity of N.B.S. Oxalic Acid. 



KRUEGER ENTERPRISES, I N C . 
GEOCHRON LABORATORIES OIVISION 

2 4 Bl.ACK5TONKSTltKET.CAM8mOGC. M A S S A C H U S C T T S 0 2 1 3 9 . (617) 8 7 6 . 3 6 9 1 

RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK 

Our Sample No. 

Your Reference: 

Submitted by: 

GX- 13576 -M 

Project No. 11889.407 

Mark Snyder 
Black & Veatch Engineers 
6240 S. Sprague Ave. 
Tacoma, WA 98409-6896 

Date Received: QS- 16-87 

Date Reported: 09-15-87 

! • 
Sample Name: 

AGE = 

MLEP-10-8. 8-6-87. Midway Landfill, 

(108,5 +/- 3.6)% of the modem standard activity 
(14.71 +/- 0.50) dpm/g Carbon, 

Description: 

Pretreatment: 

Sample of gas, mostly methane and carbon 
dioxide. 

Methane was purified from the sample, oxidized over hot 
cupric oxide wire to remove hydrogen, reconverted to 
methane with tritium-free, hydrogen and analysed for C-14. 

Comment: 

5̂ 3c ̂ ^ ~ -53.2 

Notes: This date is based upon the Ubby half life (5570 years) for ^*C. The error stated is ±^a as Judged 
hv fhp anaivtical data alone. Our modem standard is 95% of the activity of N.B.S. Oxalic Acid. 



KRUEGER ENTERPRISES, INC . 
GEOCHRON LA8ORAJ0RIES OIVISION 

2 4 Bt-ACKSTONC STRCCr • C A M B R I O O C MASSACHUSCTTS 0 2 1 3 9 . <61 -7) 6 7 6 * 3 6 9 1 

RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK 

Our Sample No. 

Your Reference: 

Submitted by: 

GX- 13575 -M 

Project No. 11889.407 

Mark Snyder 
Black & Veatch Engineers 
6240 S. Sprague Ave. 
Tacoma, WA 98409-6896 

Date Received: 08-10-87 

Date Reported: 09-15-87 

Sample Name: 

AGE = 

MLEP-17A-B, 8-6-87. Midway Landfill. ' 
1 of 2 bags received ripped open. 

(109.9 +/- 2.5)1 of the modem standard act iv i ty 
(14.91 +/- 0.33) dpm/g Carbon, 

n 
Description: 

Pretreatment: 

Sample of gas, mostly methane and carbon 
dioxide. 

Methane was purified from the sa-nple, oxidized over hot 
cupric oxide wire to re.Tove hydrogen, reconverted to 
methane with tritium-free hydrogen and analysed for C-14. 

Comment: 

6 Cpna = POB- -55.2 

Notes: This date is based upon the Ubby half life (5570 years) for '*C. The error stated is ±^a as judged 
.i.^i,..,! Hota oinno niir modem standard is 95% of the activity of N.B.S. Oxalic Acid. 



KRUEGER ENTERPRISES, I N C . 
GEOCHRON LABORATORIES OIVISION 

2 4 BLACKSTONCSTRceT'CAMamoGG. MASSACHUSCTTS02139.<6i7) 8 7 6 > 3 6 9 i 

RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK 

Our Sample No. 

Your Reference: 

Submitted by: 

GX- 13576 -C 

Pro jec t No. 11889.407 

Mark Snyder 
Black & Veatch Engineers 
6240 S. Sprague Ave. 
Tacoma, WA 98409-6896 

Date Received: 08-10-87 

Date Reported: 09-15-87 

! • 
Sample Name: 

AGE s 

MLEP-10-B, 8-6-87. Midway Landfi l l , 

(109.7 + / - 1,7)% of the modem standard a c t i v i t y 
(14,89 + / - 0,23) dpm/g Carbon. • . 

Description: 

Pretreatment 

Sample of gas, mostly methane and carbon 
dioxide . 

Carbon dioxide was purified from the sample and 
converted to methane for the ana lys is . 

Comment: 

5^Cpoa = «16.5 ^ 

Notes: This date is based upon the Ubby half life (5570 years) for '^C. The error stated is ±1ff as judged 
K« tho anaivttrai data alone. Our modem standard is 95% of the activity of N.B.S. Oxalic Acid. 



KRUEGER ENTERPRISES, I N C . 
GEOCHRON LABORATORIES OIVISION 

2 4 B L A C K S T O N C STRCCT . CAManioac. MASSACHUSCTTS 0 2 I 3 9 . ( 6 I 7) 87S>369 I 

RADIOCARBON AGE DETERMINATION REPORT OF ANALYTICAL WORK 

Our Sample No. 

Your Reference: 

Submitted by: 

GX- 13581 -M 

Project No. 11889.407 

Mark Snyder 
Black 4 Veatch Engineers 
6240 S. Sprague Ave, 
Tacoma, WA 98409-6896-

Date Received: 08-12-87 

Date Reported: 09-15-87 

Sample Name: 

AGE = 

MLF-N-B, 8-11-87. Midway Landfill. 
This sample replaces the previously submitted sample we have 
designated GX-13573. 
(113.0 +/- 8.9)% of the modern standard activity 
(15.32 +/- 1.2) dpm/g Carbon. 

•I 

Description: 

Pretreatment: 

Sample of gas, mostly methane and carbon 
dioxide. Very small amt, of methane in bag. 

Methane was purified from the sample, oxidized over hot 
cupric oxide wire to remove hydrogen, reconverted to 
methane with tritium-free hydrogen and analysed for C-m. 

Comment: 

6' CpoB = _45. i 

Notes: This date is based upon the Ubby half life (5570 years) for " C The error stated Is ±1^ as judged 
hw fhP anaivtical data alone. Our modem standard is 95% of tha activity of N.B.S. Oxalic Acid. 
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KRUEGER ENTERPRISES, INC. 
GEOCHRON LABORATORIES OIVISION 

2 4 B L A C K S T O N C STRCCT* CAMBRIOCC. MASSACHUSCTTS 0 2 1 3 9 * (61 7) 8 7 6 - 3 6 9 1 

20 ^fovembe^ 19S7 

Tim Moriey 
Parametrix, Inc. 
13020 Northup Way. Suite 8 
Beilevue. WA 98005 

Dear Tim. 

Enclosed are the results of our tritium analyses on the methane 
hydrogens from the Midway landfiil project. As we discussed on the 
phone, your sample. Probe 37-D did not contain any methane. The City 
House sample had about 1500 cc of methane, sample AE-S had about 200 
cc of methane, and ail the others had about 800 to 900 cc of methane. 
We would have liked to have had about 5000 cc for each sample but the 
amounts recovered were just adequate for counting. 

Our procedures were as follows: 

1) Methane gas was purified from other gases by cryogenic trapping. 

2> The methane was combusted to carbon dioxide and water by 
circulation over hot copper oxide wire. 

3) The water, containing the methane hydrogen, was collected. 

4) The water was placed in a vial with chemical scintillants and 
counted in a low-level scintillation counter for tritium activity. 

Our standard was NBS standard reference water sample tt 4381. 
Our background is prepared by combusting petrochemical methane (which 
does not contain tritium) and collecting the water. 

We are reporting the results in Tritium Units and picocuries per gram 
of elemental hydrogen. 

If you have any questions please contact me. 

Sincerely yours. 

Charles H. Sullivan 
C-14 Lab Manager 

SPECIALISTS IN GEOCHRONOLOGY & ISOTOPE GEOLOGY 
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TRITIUM ANALYSES 

For: Parametri;; 
Bellevue, WA 

Analysed by: Geochron Labs 
Krueger Enterprises 
Cambridqe, MA 

GEOCHRON 
LAB # 

T-4029 

T-4030 

T-4031 

T-4032 

T-4033 

T-4034 

-4035 
1 

PARAMETRIX ID 

CITY HOUSE 

PROBE S5-D 

PROBE AE-S 

PROBE 2-S 

PROBE 17 

PROBE 37-D 

PROBE AC-S 

TU 

< IS 

336 +/- 20 

< 90 

< 22 

< 22 

DC/ Q O F ELEMENTAL HYDROGEN 

<• 0.5 

9.6 +/- 0.5 

< 2.6 

< 0.6 

< 0. 6 

SAMPLE DID NOT CONTAIN METHANE 

< 17 < 0.4 t 

A .Tritium Unit (TU) is 1 tritium atom in 10^) hydrogen atoms. 

A D C is 2.22 distintearations per minute. 

Errors strs 1 sioma and are on counting statistics only. 

t 



TRIT IUM ANALYSES 

F o r : P a r a m e t r i ; ; 
B e l l e v u e , WA 

A n a l y s e d b v : G e o c h r o n L a b s 
Kruec je r E . n t a r p r i s e ? 
C a m b r i d a e , MA 

GEOCHRON 
-LAB # • 

T-4029 

T-4030 

T-4031 

T-4032 

T-4033 

T-4034 

h-4035 

PARAMETRIX ID 

CITY HOUSE 

PROBE 85-D 

PROBE AE-S 

PROBE 2-S 

PROBE 17 

PROBE 37-D 

PROBE AC-S 

TU 

< 18 

336 +/- 20 

< 90 

< 22 

< 22 

pC/Q OF ELEMENTAL HYDROGEN 

< 0.5 

9.6 +/- 0.5 

< 2.6 

< 0.6 

< 0.6 

SAMPLE DID NOT CONTAIN METHANE 

< 17 < 0.4 

A . T r i t i u m U n i t (TU) i s 1 t r i t i u m a t o m i n 1 'J^ j h y d r o g e n a t o m s . 

A oC i s 2 . 2 2 d i s t i n t e o r a t i o n s p e r m i n u t e . 

E r r o r s 3tre I s i g m a and st rs on c o u n t i n g s t a t i s t i c s o n l y . 



APPENDIX H-2 

LABORATORT RESULTS (ANALYTICAL DATA) 
SAMPLES ANALYZED BY TELEDYNE ISOTOPES 

! • 



1 
S H TUf tNaiOH 
PARAMETRIX INC 
1 3 0 2 0 NORTHUP WAV SUITE 6 
OELIEVUE MAS l l lNC ION 9 8 0 0 5 

MQRK ORDER NUHOER 

3 - 1 2 5 5 

TELEDYNE I S O r O f F S 

REPORT OF ANALYSIS 

CUSTOMER P . o l NUHBEP OATE RECEIVED OELIVERY DATE 

0 7 / 2 6 / 8 7 0 8 / 3 0 / 8 7 

A d U i l i u D d ) Data 08 /13 /87 

RUN DATE 0 8 / 0 6 / 8 7 

PAGE I 

TELEDYNE 
SAMPLE 
NUMBER 

CUSTOMER'S 
lOENTIEICATION 

C A S 

COLLECTION-DATE 
STA START STOP 
NUM DATE TIME OAfE TIME NUCLIDE 

ACTIVITY 
HIO-CnUNT 

NUCL-UNIT-« TIME VOLUME - UNITS 
U/M • OATE TIME ASH-UCHT-t * LA6. 

O T t M NORTH ON SITE FEED LN 

OTxixi SOUTH ON SITE FEEO LN 

OHK' , 6«-0 OFFSITE CAS PRBE 

07/27 1350 

07/27 1420 

07/27 ISIS 

SEND I COPIES TO PA7ISS S H TURNBLOM 

2 - CAS LAB. 3 - RADIO CtlEHISTRY LAB. 

TOT H-3 
TOT f-14 

TOT H-3 
TOT C-14 

TOT H-3 
TOT C-14 

L.T. 5.0 E 01 PCI/LITER • 06/04 
2.7 i-0.3 E 01 PCI/LITER • 06/04 

L.T. 5.0 E 01 PCI/LITFR • 08/03 
4.22*-0.42E 01 PCI/LITER « 06/03 

L.T. 5.0 E 01 PCI/LITER * 06/05 
1.23i-O.I2E 02 PCI/LITER * 08/05 

LAST PACE OF REPORT 

4 - CEILII GAMMA SPEC LAB. 

APPROVED BY II. KIN£ I 08/06/87 

>r , 
5 - TRITIUM CAS/L.S. LAB. 

Tl I 

07442 
07443 
07444 

C-14 (pCI/g carbon) 

14.6 *- 1.6 
78.1 •- 7.8 
228 t- 23 

0>/C:fc \ : RECtiVili- .̂ l̂i ^ ^ 

• ( ; i , ;V r / v / ' : - Vifl? 
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U.S. NUCLEAR REGULATOTJY COMMISSION 
Ravisien. 

FabniaiY 107d 

OFFICE OF STANDARDS DEVELOPMENT »• •« • 

REGULATORY GUIDE 4.15 I 
QUALITY ASSURANCE FOR RADIOLOGICAL MONITORING PROGRAMS 

(NORMAL OPERATIONS) - EFFLUENT STREAMS AND THE ENVIRONMENT I 

A. INTROOUCTJON 

This to^ids describes a method acceptable to 
the NRC staff for designing a proRraa to as
sure i.'ic quality of the results of measurements 
of radioactive bat^rt.-iis in the effluents and the 
environment outside of nuclear facilities during 
normal operations. 

The NRC regulations that require the control 
©r releases of railio;«ctive naterials from nuclear 
facilities, that require the measurements of ra
dioactive materials in the eifluents and envi
ronment outside of L'lese facilities, that require 
quality assurance programs and esublish 
quality assurance requirements for certain fa
cilities, or that authorize license conditions not 
otheovise authorized in the regulations are as 
follows 1 

Section 20.106, "Radioactivity in Effluents to 
Unrestricted Areas." of IC CFR Part 20, 
"Standards for Protection Ai;ainst Radiation." 
provides that a licensee shall no: release to an 
unrestricted area radioactive materials in con
centrations that exceed liaits specified in 
10 CFR Part 20 or as otherwi.<:e authorized 'm. a 
license issued by the Comais&ion. Section 
20.201, "Surveys," of 10 CFR Pzrt 20 further 
requires that a licensee conduct surveys. 
including measurements oi levels of radiation or 
concentrations of radioactive mztcrials, aa 
necessary to demonstrate compliance with the 
regulations in 10 CFR Part 20. 

Paragraph (c) of Section 20 .1 . "l*urpose," ef 
10 CFR Part 20 states that every reasonable 
effort should be made by NRC licensees to 
maintain radiation exposure, and rclesses of 
radioactive materuils in effluents to unrestrict
ed areas, as far below the Uoiis specified in 

Part 20 as is reasonably achievable, taking into 
account the state of technology and th^ 
economics of improvements in relation to publid 
health and safety and to t.'ie utilization or 
a'.smic energy in the public interest . 

Section 30.34, "Terms and Conditions of Lii 
censes," of 10 CFR Part 30, "Rules of Genera 
Applicability to Licensing of Byproduct Mate
rial," provides that the Commission may incor; 
porate in any byproduct material license suclf 
terms and conditions as it deems appropriate o^ 
necessary in order to protect health. 

i 
j 
e-

1 
Section 40.41. "Terms and Conditions of Li-l 

censes," of 10 CFR Part 40, "Licensing o|_ 
Source Material." provides that the Commission 
may incorporate in any source material license 
such terns and conditions as i t deems ap | 
priate or necessary to protect health. 

Section 50.50, "Tssuance of Licenses and 
Construction Permits." of 10 CFR Part SO, "Li-i 
censing of Production and Utilization Facil'j 
i t ies." provides that each operating license foi 
a nuclear power plant issued by the Kuclcar 
Regulatory Commission ivill contain such cond i^ 
tions and limitations as the Commission d e e n ^ 
appropriate and necessary. 

t 
)n 
se 

•I 
Id 

i 
i r 

'a 
1 Section 70.32. "Conditions of Licenses," bf 

10 CFR Part 70, "Special Nuclear Material.' 
provides that the Conaission may incorporate 
such terms and conditions as it deems appro
priate or necessary to protect health. 

U B M iadieii« sub«unuv« cAaafca frva p r w m * isiaa. 

Section IV.B of Appendix I . "Numcrica 
Guides for Design Objectives and Limiting Ccn 
ditions for Operation to .Vcet the Criterion 'As 
Low As Is Reasonably Achievable' for Radio 
active Material in Light-WaLcr-Cooled Nuclea 
Power Reactor Effluents," to 10 CFR Part SO 
"Licensing of Production and Utilization Facil 
i t ies," requires that licensees establish an ap 
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propriate surveillance and monitorinc pmi;ran 
to provide d:iia on quantities of mdio.ictive 
material released in liquid and gaseous rjfflu-
enls and to provide data on measurable levels 
of radiation and radioactive materials in the 
environment. Section III.O of Appendix I to 
10 CFR Part SO provides certain effluent and 
environmental monitoring requirements with 
respect to radioactive iodine if estimates of 
exposure are made on the basis of existing 
conditions and if potential ch.inges in land and 
water usage and food pathways could result in 
exposures in excess of the guidelines of 
Appendix I to 10 CFR Part SO. 

General Design Criterion 60, "Control of r e 
leases of radioactive materials to the environ
ment." of AppendLx A, "General Design Cri
teria for Nuclear Power Plants." to 10 CFR 
Part 50 requires that nuclear power plant 
designs provide means to control suitably the 
release of radioactive materials in gaseous and 
liquid effluents. Ge.ieral Des i^ Criterion 64. 
"Monitoring radioactivity releases," of Appen
dix A to 10 CFR Part 50 requires that nuclear 
power plant designs provide means for monitor
ing effluent discharge paths and the plant 
environs for radioactivity that may be released 
from normal operations, including anticipated 
operational occurrences, and from postulated 
accidents. 

General Design Criterion 1, "Quality stand
ards and records," of Appendix A to 10 CFR 
Part 50 requires that a quality assurance pro
gram be established for those structures, sys
tems, and components of a nuclear power plant 
that are important to safety ia order to provide 
adequate assurance that they ^viil satisfactorily 
perform their sax'ety functions. 

Appendix B . "Quality Assurance Criteria for 
Nuclear Power Plants and Fuel Reprocessing 
Plants ." to 10 CFR. Part 50 esublishes quality 
assurance requirements for the design, con
struction, and operation of those structures. 
systems, and components of these facilities that 
prevent or mitigate the consequences of postu
lated accidents that could cause undue rislc to 
the health and safety of the public. 

The need of quality assurance is implicit in 
all requirements for effluent and environmental 
monitoring, and this need has been widely 
recognized. Regulatory Guide 1.21. "Measur
ing. Evalu.-iting, and Reporting Ra(iioacti\*iiv in 
Solid Wastes and. Releases of Kadiooctive Mate
rials in Liquid and Gaseous Effluents from 
Lighl-Water-Cooled Nuclear Power- Plants;" 
Regulatory Guide 4 . 1 , "Progmas for Monitor
ing Radioactivity in the Environs of Nuclear 
Power Plants:" Regulatory Guide 4 .3 . "Envi
ronmental Technical :ipecificntions for Nuclear 
Power Plants:" and RpguLitory Guide 4.14. 
"Measuring. Evaluatinc, and llftwriing R.idio-
activity in Rcicasos of Radio.-ictive NL-iterial in 
Liquid and Airborne Effluents Frcm Uranium 

Mills." all give some guidance on means for 
assuring the quality of the rneasureraents of ra
dioactive materials in effluents and the envi
ronment outside of nuclear facilities. More com
plete and Rxtcnsive guidance on this, subject is 
provided in this document for nuclenr power 
reactor facilities and for other facilities for 
which radiological monitoring is required by 
the NRC. This guidance does aot identify 
separately the activities that arc wuhin the 
scope of Appendi.t B to 10 CFR Part 20. How
ever, this guidance is intended to be consist
ent with the requirements of Appendixes A and 
B to 10 CFR Part SO in that quality assurance 
requirements should be consistent with the 
importance of the acti\'ity. For the monitoring 
of production and utilization facilities that is 
within the scope of AppendLx 0 to 10 CFR 
Part 50, other regulatory guides that provide 
guidance on meeting the quality assurance re
quirements of Appendix B to 10 CFR Part SO 
should also be consulted. 

8. DISCUSSION ^ 

As used in the context of this guide, quality 
assurance comprises all those planned and sys 
tematic actions that are necessary to provide 
adequate confidence in the results of a mon
itoring program, and qualitv control comprises 
those quality assurance actions that provide a 
means to control and measure the character
istics of measurement equipment and processes 
to established requirements; therefore, quality 
assurance includes quality control. 

To assure that radiological monitoring- meas
urements are reasonably valid, organizations 
performing these measurements have found it 
necessary to establish quality assurance pro
grams. These programs are needed for the 
following reasons: ( U to identify deficiencies 
in the sampling and measurement processes to 
those responsible for these operations so that 
corrective action can be taken, and (2) to) 
obtain some measure of confidence in the 
results of the monitoring programs in order to 
assure the regulatory agencies and Uie public 
that the results are valid. 

Existing published guidance on specific qual
ity assurance actions that are applicable to ra-
diialogical monitoring is Isiitcd and, in general, 
is restricted to quality control practices for 
radioan.ilyiical laboratories (Refs. 1-5). How
ever, quality assurance should be applied lo all 
steps of the monitoring process, which may 
include sampling, shipment of samples, receipt 
of samples in the laboratory, preparation of 
samples, measurement of radioactiviiy, data 
reduction, date evaluation, and reporting of 
the monitoring results . 

'OHinaxtxn* at <p«cui t r r a i \ t fd xn Ulu CiiW • ' • even in 
th« ilittttry <in pa<e 4.lS-kl}. 
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The scope of this f̂ uidc is limited to the ele-
mentc of a quality Mssurance program, which is 
a planned, systcmntie. and documented pro
gram that includes quality control. Guidance on 
principles and good practice in the monitoring 
process itself and guidance on activities that 
can affect the quality of the monitoring results 
( e . g . . design of facdities and equipment; are 
outside the scope of this guide. However, some 
references are provided to dociuncnts that do 
provide some guidance in these areas. The 
citation of these refcrcaces does not constitute 
an endorsement of all of the guidance in these 
dociuncnts by the NRC staff. Rather, these 
references are provided as sources of informa
tion to aid the licensee and the licensee's con
tractors in developing and maintaining a 
monitoring program. 

Every organization actually performing efflu
ent and environmental monitoring, whether an 
NRC licensee or the licensee's contractor, 
should' include the quality assurance program 
elements presented in this guide. 

C. REGULATORY POSITION 

The quality assurance program of each 
organization performing effluent or environ
mental monitoring oT nuclear facilities for nor
mal operations should be documented by 
written policies and procedures and records. 
These documents should include the elements 
given in this section. 

In addition to its own program, a licensee 
should require any contractor or subcontractor 
performing monitoring activities for the li
censee to provide a quality assurance program 
and to routinely provide program data 
summaries (sufficiently detailed to pe r s i t on
going quality assurance program evaluation by 
the licensee) consistent with the provisions of 
this guide, as follows: 

I. Orsaniiational Straetioe and Responsibilities 
of Managerial and Opcntionxl Personnel 

The structure of the organization as it r e 
lates to the management and operation of the 
monitoring program(s). including quality as
surance policy and functions, should be pre
sented. The authorities, duties, and responsi
bilities of the positions within this organization 
down to the first-line supervisory level should 
be described. This should include responsibil
ities for rc^new and approval of written proce
dures and for the preparation. review. and 
evaluation of monitoring data and reports . 

Persons and organizations performing quality 
assurance functions should have sufficient 
authority and organt=iti»nal freedom to identify 
quality problems; to initiate, reccmmend. or 
provide solutions; and to verify implementation 
of solutions. 

2. Spccificaiion of Qualifioiions of Personnel 

' The qualifications of individuals performing 
radiological monitoring to carry out their 
assigned functions should be specified and 
documented ( e . g . . as in a job description). | 

An indoctrination and orientation program, 
appropriate to the size and complexity of the 
organization and to the activities performed, i 
should provide that (a) personnel performing 
quality-related activities are trained and qu.-ili-
fied in the principles and techniques of the ac
tivities pex-fonned, (b) personnel are made i 
aware of the nature and goals of the quality 
assurance program, and (c) proficiency of per- ) 
sonnel who perform activities affecting quality 
is maintained by retraining, ree.xamining, and 
recertifying or by periodic performance re-1 
views, as appropriate. I 

3. Opentinj Procedures and Instruaions 

Written procedures should be prepared, re 
viewed, and approved for activities involved in 
carrying out the monitoring program, including 
sample collection: packaging, shipment, and 
receipt of samples for offsite analysis; prepa
ration and analysis of samples: maintenance, 
storage, and use of radioactivity reference 
standards; calibration and checks of radiation 
and radioactivity measurement systems; and 
reduction, evaluation, and reporting of data. 
Individuals who review and approve these pro
cedures should be knowledgeable in the sub 
jects of the procedures. 

Guidance on principles and good practice in 
many of these activities is presented in NRC 
regulatory guides (Refs. 6-9) and other publi
cations (Refs. 2-5.. 10-35). In addition to these 
publications. Sdentifie Committee ISA of the 
NCRP has prepared NCRP Report 58, "A Hand
book of Radioactivity Measurements Proce
dures ." (Ref. 35) that is a revision of NCRP 
Report 28. NBS Handbook 80. "A Manual of 
Radioactivity Procedures." 

4. Recoids 

The records necessary to document the ac
tivities performed in the monitoring program 
should be specified in the quality assui>3nce 
program. 

One key aspect of quality control is maintain
ing the ability to track and control a sample in 
its progress through the sequence of monitor
ing processes. Records to accomplish this 
should cover the following processes: field and 
inplant collection of samples for subsequent! 
analysis, including sample description; s:unple| 
receipt and laboratory identification coding; 
sampte preparation and radiochemical process-
in? ( e . g . . laboratory notebooks); radioactivity 
measurements of samples, instrument back
grounds, and analytical blanks; and d a t ^ 
reduction and verification. 
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Quality control records for Iat>omtory 
counting systems should include the results of 
measurcmcius of radioactive check sources, 
calibration sources, backgrounds, and blanks. 

Records relating to overall laboratory per
formance should include the results of analysis 
of quality control s.-ifflples such as analytical 
blanks, duplicates, intcriaboratory cross-check 
samples and other quality control analyses; use 
of standards (radioactivity) to prepare working 
standards: preparation and standardization of 
carrier solutions; and calibration of analytical 
balances. 

Additional records that are needed should in
clude the calibration of inline radiation detec
tion equipment, air samplers, and thcrmo-
lufflinesccnce dosimetry systems; verification 
and documentation of computer programs; 
qualifications of personnel; and results of 
audits . 

The minimum period of retention of the rec
ords should be specified. For nuclear power 
plants, requirements for record retention are 
given in the plant technical specifications. In 
general, for ot.'ier types of facilities, only the 
final results of the monitoring programs need 
be retained for the life of the facility. 

5. Quality Controi in Sanpiinf (Indudins Pack-
agings Shipping, and Stonge of Samples) 

Continuous sampling of liquids and gases in
volves the measurement of. sample flow rates 
and /or sample volumes. The accuracy of the 
devices used for this purpose should be deter
mined on a regularly scheduled basis, and ad
justments should be aiadc as needed to bring 
the performance of the devices within specified 
limits. The results of these calibrations should 
be recorded. The frequency oi these calibra
tions should be specified and should be based 
on the required accuracy, purpose, degree of 
usage, stability characteristics, and other con
ditions affecting the measurement. Procedures 
for continuous sampling should use methods 
that are designed to ensure that the sample is 
representative of the material volumes sampled. 
The collection efficiencies of the samplers used 
should be documented; usually such documen
tation is available from manufacturers of Lhe 
sampling equipment. 

Procedures for grab samples should include 
steps designed to ensure that the sample is 
representative of the material sampled. Rep
licate grab samples should be taken periodically 
to determine the reproducibility of sampling. 

Procedures for sampling, packaging, ship
ping, and storage of samples should be 
designed to m.iintain the integrity of the :>.-imple 
from time of collection to time of analysis. 
Aqueous samples may present a particular 
problem in this regard, and one of the most 

severe problems has been encountered with 
aqueous samples of radio.ictive wastes from 
operating nuclear reactors (Ref. 23). 

Guidance on the principles and practice of 
sampling in environmental monitoring is pro
vided in several publications (Kefs. 2. 4, 5, 
21. 23-31, 33. 35, 37). In addition, workers at 
the National Bureau of Standards (NBS) have 
published the results of a survey of informa
tion OQ sampling, sample handling, and long-
terra storage for environmental materials 
(Ref. IS). Some guidance on the principles and 
practice of air sampling is provided in Refer
ences 17, 19, 24. 28-31. 33. Guidance on the 
principles and practice of water sampling is 
provided in numerous publications (Refs. 13, 
14. 23-27. 3S, 37). 

&. Quality Control in the Radioanalytical Laboratory 

6.1 Radionuclide Reference Standards—Use for ^̂  , 
Calibration of Radiation f̂easu^cments Systems 

Reference standards are used to determine 
counting efficiencies for specific radionuclides 
or, in the case of gamma-ray-spectrometry 
systems, to determine counting efficiency .as a 
function of gamma-ray energy. A counting effi
ciency value is used to convert a sample count
ing rate to the decay rate of a radionuclide or 
to a radionuclide concentration. Guidance on 
the calibration and usage of germanium de
tectors for measurement of gamma-ray emission 
rates of radionuclides has been prepared as an 
ANSI standard (Ref. 38). For converting 
gamma-ray emission rates to- nuclear decay 
rates , two reports from the Oak Ridge National 
Laboratory (Refs. 39 and 40) provide usex'ul 
compilations of gamma-ray intensities and other 
nuclear decay data for radionuclides in routine 
releases from nuclear fuel cycle facilities. The 
data from Reference 40 are included in NCR? 
Report S3 (Ref. 36). 

Radionuclide standards that have been 
certified by NBS or standards that have been 
obtained from suppliers who participate in 
measurement assurance activities with NBS^ 

'S<tufactsrr s«asiUT3<aC auurane* initrwiteat between 
wure* suppUen and SBS inwlv* too basic scciunua*: ( 1 ; 
n * sappocr suaaiu * caiianc«« nOiOteuvur tMiat (prvf-
* n U r i«i«ctni fron * tntea ar prepsrvl » n e s of . d u r o o to 
NBS tar eon;uTM:iea taac cii* >uapu«r's i.-.iliBniua v«lu* 
a(r>«s <ntli : :as mu l t* untBin crrtsui tfwei/ml Umtt ar C) 
NBS prvTiit<a k-3Uarai«il ndwactiruv .Mirer* of unoiielased 
KOntr (t*^( wucplcil (a * tuppbcr «na >• >3t« ta attta Muvitr 
«r <aisMun-r3C« sr isur taants jn tAa saurer i.'ut i c r n MCAIA 
nr tJ ia ipacUica UatU xUI ta* nrt^urnsmlt at SS.S. i i r tn« 
raaoBM proUucosn at msnacvui ra.^iaacuv-icr lUntUrd*. (Jia 
Crst occsonus t» pr«<moia ta tJia lacand but x\ r.sc tlvay* 
(•uibia. Thcaa tvo aecs jnua t tr* u«aa Battt in .^riiurrmani* 
AMunaca Frscraos ^MAt'it wica k«r UOoncanca taxi xa aUxar 
•aasumMnt usuruwa wuvuias. 

T«o -<«r Utwntanr laurca tup^Uan ptrtunoai* in ft.\fi antn 
MBS uU u*a ^cA ar tAa two EiaMC eaenimwi*' «l) Th* SRC 
fWanrnca uaamarjr for tjia CMUtratxixrr .M^Murrsrnti ?rB» 
t r t a Cttr 'Ctlxunt oomtorac) at iha ."»IU" % f̂fu» •>r (nkr«ctwa 
tad Ea<»reM!»nt w a UJ Tlia EPA EnviranmrtUi .Vjniwnnc 
«a4 Support tubaraiarr in L>» V«cas. »<ik:A |trrp«rM <ad 
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•houid be used when such standards are avail
able. In these mrasuremenl assurance activ
ities, the supplier's calibration value should 
agree with the NBS value within the overall 
uncertainty stated by the supplier in its certi
fication of the same batch of sources (when 
these are sampled for measurement by .NBS) or 
in its certification of similar sources. 

An "International Directory of Certified Ra
dioactive Materials" has been published by the 
Intemational Atomic Energy Agency (Ref. 41). 

Accepuble standards for certain natural ra -
dionucUdes may be prepared from commercially 
available high-purity chemicals. For example. 
potassium-40 standards for gross beta-particle 
measurements or fomma-ray spectrometry may 
be prepared gra%'imeiricaUy from dried 
reagent-grade potassium chloride. 

The details of the preparation of working 
standards from certified standard solutions 
should be recorded. The working standard 
should be prepared in the same form as the un
known samples, or close approximation thereto. 

Efficiency calibrations should be checked 
periodically (typically monthly to yearly) with 
standard sources. In addition, these checks 
should be made whenever the need is in
dicated, such as when a significant change in 
the measurement system is detected by routine 
measurements with a check source. 

6.2 Perfonnance Cheeks of Radiation Measuxement 
Systems 

Determination of the background counting 
rate and the response of each radiation detec
tion system to appropriate check sources 
should be perfonned on a scheduled basis for 
systems in routine use. The results of these 

I measurements should be recorded in a log and 
plotted on a controi chart . Appropriate 

d u v i b u t a n e i l i b n t a d radtoaetmiT u a o d a r d s p rEsan l r <o U b -
6ra tana* iavaiv<a la ri^iale<xai c a w j a s c n u i o c n i t o n a f . 
AAdiltuxaiiy. u v « a a a u r r j u x p a a n x a u t w o i a a n u / j c t u r e n 
(soma e( w.iica lupply raev^^ctmnr t u a U ^ n i s cemmareauiv) 
>ar;>en<bte la a .M.VP ar<:3a;:rd t r taa Aieate Indus ina i F o n t s 
aad .S'liS. Ia uus MA?. N'llS >iutnaata> icandards as Ease l a a -
plas to tha s aau / ac tu rc r i second aacaaa i sa l a n d rvcaivas ca r -
ti/ia.1 t aapU* fraa (Aa oaaufacturrr tor vanficscwn Pf .HBS 
( f t n t a acnxn i aa l . 

.Maakurrmant as turasce iniaractons t h u uaa (h* r i n t a a -
c f taa tw a r r avauaoia T â tfiaeut 5BS c a u a r a t w n . i a n n e a s . SBS 
wUl. en raqurs i aad far a t t t . pcrfora e a i ^ n i u n s et r r o r a -
santativa taapias of aCAadarss ptovUad o r laa t u e p u r r tor 
MBS conrimatwn wf (A* t u p p l u r ' t raporonl v.ilu**. ••|ii*-Ti-Tn 
• a r v i e n ar* tvailaBla for a Ur ra vana t* a t raownuelidas p i v -
Vidad eartaia raaui r raanta laa to saao .* >cat»U>v and t u i u a l a 
t c u m t f r^nc r ) a i* s n . .Vraiunaant as*ur..u«* intarar t ians 
that uaa th* t a m i d a c c n a a u a arc aTaUaou n a ina isauaaca at 
t rkt k U a ^ r d s »a .NBS. Kar a riromii wAarr* i r n ' o n d tha fxrxKm 
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rk>%<>d activity thai can Ur turd la daawa«ir.ita a<rar«anc . 
K.ihin cr r ta ia tpa^-i^ird luMia. t«KM>ii tha tdur ra . u p p u a r t 
•aa*<ir<.«rnia and t.1.>»a ^l N!i». A U n v r t ot Tc»C \.t.-r thr i x n t 
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investigative and corrective action should be 
taken when the measurement value falls outside 
the predetermined control value. 

A check source for determining changes in 
counting rate or counting efficiency should be 
of sufficient radiochemical purity to allow 
correction for decay but need not have an 
accurately known disintegration ra te , i . e . , 
need not be a standard source. 

For systems in which samples are changed 
manually, check sources are usually measured 
daily. For systems with automatic sample 
changers, it may be more convenient to include 
the check source within each batch of samples 
and thus obtain a measurement of this source 
within each counting cycle. For proportional 
counter systems, the plateau(s) or response(s) I 
to the check source(s) should be checked after! 
each gas change. Background mcasur%mchts 
should be made frequently, usually daily ori 
before each use, to ensure that levels a r e | 
within the expected range. For systc-ns with 
automatic sample changers, background meas
urements should be included within each meas
urement cycle. 

For alpha- and gamma-ray-spectrometry s y s 
tems, energy-calibration sources ( i . e . , a 
source containing a radionuclide, or mixture of 
radionuclides, emitting two or more alpha or 
gamma rays of known energies) are counted to 
determine the relationship between channel 
number and alpha- or gamma-ray energy.. The 
frequency of these energy calibration checks 
depends on the stability of the system but 
usually is in the range of daiiy to weekly. The 
results- of these measurements should be 
recorded and compared to predetermined limits 
in order to determine whether or not system 
gain and zero level need adjustment. 
Adjustments should be made as necessary. 

Additional checks needed for spectrometry 
systems are the energy resolution of the 
systea and the count t*ate (or counting 
efficiency) of a check source. These should be 
determined periodically (usually weekly to 
monthly for energy resolution and daily to 
weekly for count rate) and after system 
changes, such as power failures or repairs , to 
determine if there has been any significant 
change in the system. The results of these 
measurements should be recorded. 

6 J Analysis of Qualify Control Samples 

The analysis of quality control samples p ro 
vides a means to determine the precision and 
accuracy of the monitoring processes and in
cludes both intralaboratory and intcrUiboratory 
measurements. 

The analysis of replicate samples (containing! 
significant detectable .ictivity) provides a | 
means to dctt-rmine precision; the analysis of 

•I 
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samples containing known concentrations of 
radionuclides provides a means to determine 
accuracy. The analysis of laboratory blanks 
provides a means to detect and measure 
radioactive cont.iminaticn of analytical samples, 
a common source of error in radiochemical 
analysis of low-level samples. The analysis of 
analytical blanks also provides information on 
the adequacy of background subtraction, 
particularly for environmental samples. 

The fraction of the analytical effort needed 
for the analysis of quality control samples 
depends to a large extent on ( I ) the mixture of 
sample types in a particular laboratory in a 
particular time peric^ and (2) the history of 
performance of that laboratory in the analysis 
of quality control samples. However, for 
environmental laboratories, it is found that at 
least 5%, and typically 10%. of the analytical 
load should consist of quality controi samples. 

6J.1 Intralaboratory Axulyses 

Replicate samples, usually duplicates, should 
be analyzed routinely. These replicates should 
be prepared from samples that are as homo
geneous as possible, such as well-stirred or 
mixed liquids (water or milk) and solids 
(dried, ground, or screened soil, sediment, or 
vegetation; or the ash of these materials). 
These samples may be replicates of monitoring 
program samples, replicates of reference test 
materials, or both. The size and other physical 
and chemical characteristics of the replicate 
samples should be similar to those of single 
samples analyzed routinely. 

The analysis of the replicate samples as blind 
replicates is desirable but is not practicable for 
ail laboratories or for all types of samples. For 
example, in small laboratories, it may not be 
practicable to prevent the analysts frem being 
aware that particular samples are replicates of 
one another. 

Obtaining true replicates of all types of 
samples also is not practicable. For example, 
obtaining replicate samples of airborne mate
rials usually is not practicable on a routine 
basis because it requires either a separate 
sampling system or splitting a single sample 
( e . g . , cutting a filter in half). Use of replicate 
samplers usually is not economically feasible 
and splitting of samples results in replicates 
that do not represent the usual sample size or 
measurement confiiTuraiion (counting geometry) 
for direct measurement. However, simulated 
samples of airborne materials may be prepared 
in replicate and submitted for analysis as 
unknowns. 

Analysis of intralaboratory bLink and spiked 
samples in an important part of each environ
mental laboratory's quality control program. To 
check for cont:unination from rcngi-nts und 
other sources, known analytical blank samples 

should be included frequently in groups of u n - | 
known environmental samples that are analyzed 
radiochcmically. Spiked and blank samples I 
should be submitted for analysis as unknowns 
to provide an intralaboratory basis for estimat
ing the accuracy of the analytical results. 
These blanks and spikes may include blind 
replicates. 

6,3.2 Interlaboiatory Analyses 

Analysis of effluent and environmental sam
ples split wth one or more independent labora
tories is an important part of the quality as
surance program because it provides a means 
to detect errors that might not be detected by 
intralaboratory measurements alone. When 
possible, these independent laboratories should 
be those whose measurements are traceable to 
NBS.* 

Analysis of split field samples, such as sam
ples of milk, water, soil or sediment, and 
vegeuu'on, is particularly important in envi
ronmental monitoring programs to provide an 
independent test of the ability to measure 
radionuclides at the very low concentrations 
present in most environmental samples. 

The NRC OfHce of Inspection and Enforce
ment conducts a Confirmatory Measurements 
Program for laboratories of licensees that meas
ure nuclear reactor effluents. The analyses of 
liquid waste holdup tank samples, gas samples, 
charcoal cartridges,, and stack particulate 
filters are included in this p r a g r s s . The 
results of the licensee's measurements of sam
ples split mth the NKC are compared to those 
of an NRC reference laboratory whose measure
ments are traceable to the National Bureau of 
Standards. Thus the results of this, comparison 
provide to the NRC an objective measure of the 
accuracy of the licensee's analyses. 

Laboratories of licensees or their contractors 
that perform environmental measurements 
should participate in the EPA's E.nvironmcntal 
Radioactivity Laboratory Intercomp.irison Stud
ies (Cross-check) Program, or an equivalent 
program. This participation should include ail 
of the determinations (sample medium/radionu
clide combinations) that are both offered by 
EPA and included in the licensee's environ
mental monitoring program. Participation in the 
EPA program provides an objective measure of 
the accuracy of the analyses because the EPA 
measurements are traceable to the N.itional 
Bureau of Standards. If the mean result of a 
cross-check .inalysis exceeds the control limit 
as defined by EPA (Ref. 42), an investigation 
should be made to determine the rea&on for this 
deviation and corrective action should be taken 

*?IBS and SHC Kaff* r tvacn i :* (ho rxr^^t-tar « <ta>r«r tttxtxt-
tion at !h* Cam ' t r a c a s o i u i v 4s tt apgliaa to n d u i n n and 
ridiiMettinir a*a«ur<aani«. Riaaa t t t l l t t r» <Mrkuic t a f O " 
to daaHoo luca a a ta iaaao t . wnicA vtil Pa puObawl 
aaparsia l r . 
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ms necessary. Similarly, an investigation and 
any necessary corrective action should take 
place if the "normalized range." as calculated 
by EPA, exceeds the control limit, as defined 
by EPA. A series of results that is within the 
control limits but that exhibits a trend toward 
these limits may indicate a need for an investi
gation to determine the reason for the trend. 

6.4 Computational Checks 

Procedures for the computation of the con
centration of radioactive materials should in
clude the independent veinfication of a sub
stantial fraction of the results of the computa
tion by a person other than the one performing 
the original computation. For computer calcula
tions, the input riata should be verified by a 

' knowledgeable individual. All computer pro
grams should be documented and verified 
before initial routine use and after each modifi
cation of the program. The verification process 
should include verification, by a knowledgeable 
individual, of the algorithm used and test runs 
in which the output of the computer computa
tion for given input can be compared to "true" 
values that are known or determined independ
ently of the computer calculation. Documenta-

~ tion of the program should include a descrip-
|tion of the algorithm and. if possible, a 
current listing of the program. Guidelines for 
the documentation of digital computer programs 

. are given ia ANSI N413-1974 (Ref. 4 3 ) . 

7. Quality Control for Continuous Efduent Monitoring 
Systems 

. Guidance on specification and performance of 
onsite instrumentation for continuously mon
itoring radioactivity in effluents is given in 
ANSI N13.10-1974 (Ref. 18). 

The specified frequency of calibration for a 
particular system should be based on con
siderations of the nature and subili ty of that 
system. For nuclear power plants, specific r e 
quirements for calibrations and checks of par
ticular effluent monitoring systems usually are 
included in the technical specifications for the 
plant. 

Initial calibration of each measuring system 
should be performed using one or more of the 
reference standards that are certified by the 
National Bureau of Sl.indards or standards that 
have been obtained from suppliers that partici
pate in measurement a.ssurance acti\itics with 
NBS (see footnote 2). These radionuclide 
standards should permit calibrating the system 
over its intended range of energy .ind rate 
capabilities. For nuclear power plants, .sources 
that have been relaietl to this iniiutl c:ilibraiion 
should be used to check this initial calibration 
at least once per 18 ui^nihs (aormaUy during 
refueling outages). 

Periodic correlations should be made during 
operation to relate monitor readings to the 

concentrations and/or release rates of radio
active material in the monitored release path. 
These correlations should be based on the 
results of analyses for specific radionuclides in 
grab samples from the release path. 

Any flow-rate measuring devices associated | 
with the system should be calibrated to deter
mine actual flow rates at the conditions of 
temperature and pressure under which the 
system will be operated. These floiv rate 
devices should be recalibrated periodically. 

Whenever practicable, a check source that is 
actuated remotely should be installed for in
tegrity checks of the detector and the asso
ciated electrical system. 

8. Reriew and Analysis of Data 

Procedures for review and analysis of data 
should be developed. These procedures should 
cover examination of data from actual samples 
and from quality-control activities for reason
ableness and consistency. These reviews 
should be perfomed on a timely basis . General 
criteria for recognizing deficiencies in data 
should be established. 

Provisions should be made for investigation 
and correction of recognized deficiencies and 
for documentation of these actions. 

9. Audits 

Planned and periodic audits should b e made 
to verify implementation of the quality assur
ance program. The audits should be performed 
by individuals qualified in radiochemistry and 
monitoi^g techniques who do not have direct 
responsibilities in the aroas being audited. 

Audit results should be documented and r e 
viewed by management having responsibility in 
the area audited. FoUoivup action, including 
reaudit of deficient areas, should be taken 
where indicated. 

D. IMPLEMENTATION 

The purpose of this section is to provide in
formation to applicants and licensees regarding 
the NRC stafrs plans for us ins this regulatory 
guide. 

Except in those cases in which the applicant 
or licensee proposes an acceptable alternative 
method, tlie staff will use the methods de
scribed herein in evalu.-iting an appUcant's or 
licensee's capability for and performance in 
complying with specified portions of (he Com
mission's rcgubtions after March 30, 1979. 

If an applicant or licensee wishes to use the 
method described in this regulatory guiile on 
or before March 30.1979, the pertinent poiiious 
oC the application or the licensee's performance 
will be evaluated on the basis of this guide. 

• I 
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GLOSSARY 

Accuracy-a qualitative concept in the statis
tical treatment of measurement data used to de
scribe the agreement between the central 
tendency of a set of numbers and their correct 
value (or the accepted reference value). It is 
also used to describe the agreement between an 
individual value and the correct value (or the 
accepted reference value). 

Analytical Blank (Sample)-ideally, a sample 
having alfof the constituents of the unknown 
sample except those to be determined. In ra
dioanalytical practice, the term often refers to 
the radiochemical processing of carrier(s) or 
tracers without the sample matrix material. 

"Blind" Replicate (Samole)-replicate samples 
that are not identuicd as replicates to the per
sons performing the analysis. 

Calibration-the process of determining the 
numerical relationship between the observed 
output of a measurement system and the value, 
based on reference standards, of the charac
teristics being measured. 

Calibration Souree-any radioactive source 
that is used for calibration of a measurement 
system. 

Check Source (or instrument check source or 
perfonnance check source)-* radioactive source 
used to determine if the detector and all elec
tronic components of the system are operating 
correctly. 

Instrument Background-the response of the 
instrument in the absence of a radioactive sam
ple or other radioactive source. 

Precision-a qualitative concept in the statis
tical treatment of measurement data used to 
describe the dispersion of a set of numbers 
with respect to its central tendency. 

Quality Assurance (qA)-the planned and 
systematic actions that are necessary to pro
vide adequate confidence in the results of a 
monitoring program. 

Quality Control (QC)-those quality assurance 
acuons that provide a means to control and 
measure the characteristics of measurement 
equipment and processes to established re
quirements. Thus, quality assurance includes 
quality control. 

Reference Test Material-a large batch of 
homogeneous raaicriai from which aliquots may 
be taken for interlaboratory comparisons or for 
intemal use by the laboratory'. The material 
must be uniform but need not be standardized. 

Spiked Samole-a sample to which a known 
amount of radioactive material has been added. 
Generally, spiked samples are submitted as 
unknowns to the analysts. 

Soh't Samole-a homogeneous sample that is 
divided into parts , each of which is analyzed 
independently by separate taboratory organi
zations. 

Standard (radioactive) Source-a radioactive 
source having an accurately known radionu
clide content and radioactive decay rate or rate 
of particle or photon emission. 

•5 
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RECEIVED SEP 2 \ 1987 

September 17, 1987 

ISOTOPES 
90 VAN BUnEN AVENUE 

WESTWOOD. NEW JERSEY 0T87S 

(20i)e«a.n)70 

TELEX 13*474 TOYISOT WTWO 

Mr. Tom Morley 
Parametrix Inc. 
13020 Northup Way, Suite 8. 
Bellevue, Washington 98005 

Dear Mr. Morley: 

We analyzed each oT three gas samples for H-3 and C-14 from a l i q u o t s 
taken d i r e c t l y from the sample con ta ine rs . We d i d not separate methane from 
each sample and then analyze the methane only as the o ther labora tory d i d . 
The re fo re , the re i s no reason to expect the r e s u l t s to be the same. 

The ana lys i s for t r i t i u m i s performed by passing an a l i q u o t o f known 
volume o f the sample mixed w i th a known volume o f n o n - t r i t i a t e d hydrogen 
through a copper oxide furnace a t approximately 650° C. The mix ture i s 
con t i nuous l y cycled through the furnace fo r at leas t an hour, assur ing t ha t 
a l l hydrogenous species in the sample and the added hydrogen have been 
conver ted t o water. The water i s c o l l e c t e d in a cryogenic t r a p . Upon 
comple t ion o f the water c o l l e c t i o n , the volume o f water i s determined and a 
measured volume of i t i s counted by l i q u i d s c i n t i l l a t i o n fo r the t r i t i u m 
a c t i v i t y . 

« 
The analysis for carbon-14 is performed by passing an aliquot of 

known volume of the sample through a copper oxide furnace at approximately 
650° C. The sample is continuously cycled through the furnace for at least 
an hour, assuring that all the carbonaceous species are converted to CO2. 
The CO2 is collected in a cryogenic trap. The CO2 is then purified by gas 
chromatography. A measured volume of CO? is transferred to an evacuated 
100 cc proportional counter and methaie (previously determined to be without 
C-14) is added so that the pressure in the proportional counter is at one 
atmosphere. 

An EPA tritium standard is used for the calibration of the liquid 
scintillators. A NBS Kr-85 gas standard is used for the calibration of the 
100 cc proportional counters. 

• I 



ISOTOPES 

Mr. Tom Morley pg. 2 

For over twenty-five years our principal market for radiological 
services has been the nuclear utility industry. Therefore our quality 
control and quality assurance prograna have been developed and maintained in 
compliance with the US Nuclear Regulatory Commission's 10CFR50, Appendix 8 
and Regulatory Guide 4.5. The latter describes in detail the features we 
follow. 

We are reanalyzing the samples and will report the results as soon 
as available. 

Sincerely, 

J. David Martin Ph.D. 
Vice President - Technical 

I# 3DM:cm 

Enc. 

0240-812 



RECEIVED SEP 2 8 1937 

^^TELEDYNE, 
ISOTOPES^ 
iO VAN aUREN AVENUE 

WESTWOOO. NEW JERSEY 07675 

(J011SM.7070 

September 25, 1987 
TELEX 13*474 TOYISOT WTWO 

Mr. Tom Morley 
Parametrix Inc. 
13020 Northup Way, Suite 8 
Bellevue, Washington 98005 

Dear Mr. Morley: 

This letter is a continuation of my letter dated September 17, 1987. 
In that letter, I stated that we were reanalyzing the samples. We did so 
because of the high levels of C-14 relative to normal environmental values 
and because initial specific activity measurements on two of the samples 
indicated that there was more radioactivity in the two samples than accounted 
for from the C-14 activity. The specific activity is performed by loading a 
few cc of sample into a 100 cc proportional counter, adding methane (which 
does not contain either C-14 or H-3), and counting the mixture. The compar
ison of the specific activity with the C-14 activity is summarized below: 

TI Specific Activity Initial C-14 
Sample (pCi/i) (pCi/i) 

07442 Not measured 27.1 
07443 265 (07/29) 42.2 
07444 303 (08/06) 123 
07444 <40 (09/10) 

The specific activity must have been due to a short lived isotope-
possibly Rn-222 based on the results for TI 07444. 

Our convention for reporting radioactivity in a gas sample is in 
picocuries per liter of sample. That unit of measure was used for the H-3 
and C-14 results on W03-1255. At a later date, and at the request of your 
company, we provided an alternate measurement unit (pCi/g of carbon) for the 
C-14 results. Upon review of the data we find that the C-14 results were 
reported incorrectly in the units of pCi/g of carbon. To convert from 
pCi/cc of CO2 to pCi/g of carbon, the relationship of 1867 cc of CO2 is 
equivalent to 1 g of carbon must be used. The table below provides results 
in various units for the analyses previously perfonned: 

n 
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TI Volume of CO2 C-14 ac t i v i t y C-14 C-14 
Sample in detector (cc) (pCi/ i) (pCi/cc CO?) (pCi/qC) 

07442 8.29 0,575 0.0694 130 
07443 8.24 0.828 0.100 188 
07444 8.47 4.37 0.516 963 

As I mentioned earlier in this letter we reanalyzed the three samples 
with following results: 

TI Volume of CO2 C-14 activity C-14 C-14 
Sample in detector (cc) (pCi/£) (pCi/cc CO?) (pCi/gC) 

07442 8.10 0.240 0.0296 55.4 
07443 8.10 0.639 0.0788 148 
07444 8.10 0.631 0.0779 145 

The reanalysis resul ts were lower than the i n i t i a l resul ts for 
each sample possibly due to the short l ived species, although the processing 
should have removed a l l isotopes except C-14. 

Sincerely, 

' j . David Martin Ph.D. 
Vice President - Technical 

JDM:cm 

D280-A16 




